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valve is designed to control effectively re- grade cast iron—with gunmetal seating 
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Sir Winston Churchill, K.G. 


| Last Tuesday evening an official announce- 
| from Buckingham Palace said that Sir 
ynston Churchill had had an audience of the 
‘Queen, when he tendered his resignation as 
ime Minister and First Lord of the Treasury. 
announcement added that Her Majesty had 
n graciously pleased to accept the resignation. 
Winston Churchill, who celebrated his 
ieth birthday in November last, took his 
‘ast Government office in 1906, when he became 
der-Secretary of State for the Colonies. He 
served two terms as Prime Minister, the 
st of which began in May, 1940, at the most 
writical period of the second world war. Sir 
Winston’s second term of office as Prime Minister 
hegan in October, 1951, with the return to power 
of the present Government. During his arduous 
years of office as Britain’s wartime Prime 
Minister, and throughout the difficulties of the 
t-war years in which he has served, Sir 
Winston has had many associations with the 
engineering profession. At all times he has been 
quick to appreciate the essential contribution to 
the life of the nation made by engineers and 
scientists in war and in peace. Sir Winston is a 
Fellow of the Royal Society, a Fellow of the 
Royal Aeronautical Society, a Fellow of the 
Society of Engineers, an honorary member of 
Mum the Institution of Naval Architects and of the 
Institution of Municipal Engineers, an Elder 
Brother of Trinity House, and an honorary 
Freman of the Shipwrights’ Company. Engi- 
neers at home and overseas, we are sure, warmly 
endorse the many good wishes that are being 
conveyed to Sir Winston as he relinquishes the 
premier office in the Government and retires to 

the role of an honoured elder statesman. 

















British Overseas Airways Corporation 


IN a recent letter addressed to all members of 
the staff of the British Overseas Airways Corporz- 
tion, Sir Miles Thomas, the chairman, stated 
that at the end of the financial year 1954/55 the 
Corporation showed a profit of about £1,360,000, 
and, after interest, a net surplus of about 
£260,000. Despite the many difficulties which 
had been faced the Corporation’s projected 
fleet pattern had clarified. First, he said, the 
“Comet ” situation had been settled in what he 
regarded as a most satisfactory way. Technical 
advances made by the Rolls-Royce Company 
to the ‘* Avon ” engine, and developments in the 

'@ structural design of the airframe by the de 
Havilland Company, had resulted in the evolu- 
tion of a Mark IV * Comet.” The engines had 
500 lb more thrust and 9 per cent better fuel 

| consumption, which, with increased pod tankage, 
more than counterbalanced the extra weight 

N™@ built into the airframe to increase its strength. 
The outcome was an aeroplane of longer range, 

im better economies and greater passenger attrac- 

tion. Further, the “‘ droop snoot ”’ leading edge 
on the wings and larger flaps improved the 
handling characteristics of the machine at take-off 
and landing. Thus, wrote Sir Miles, there were 
distinct credits to offset the time lost as between 

the “ Comet I” and the delivery of the Mark IV 

towards the end of 1958. The “ Britannia” 

Mark 100 had done very well on her trials in 

Africa and it was hoped to introduce this machine 

into service next year on the African route and 
subsequently on the Australian and Far East 
toutes. The extra “ Constellation 749s ’’ which 
had been acquired and were being modified in 
the Corporation’s own workshops were already 
being placed in service on the Australian and 
other Eastern routes. The first of the converted 

“Stratocruisers ’ being added to the trans- 

Atlantic fleet had flown and others would be 

following in regular sequence. Sir Miles paid 
tribute to the way in which the “‘ Argonaut ” 
fleet worked during the difficult period the 

Corporation had passed through in the last 
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twelve months. During the year they achieved 
an aircraft utilisation of 3440 hours, equivalent 
to 9:4 hours a day. In short, concluded Sir 
Miles, the Corporation was beginning to get 
the right tools and the right facilities, the forward 
fleet picture was clarified for planning, and 
forward bookings were encouraging. 


Association of Supervising Electrical 
Engineers 

THE annual dinner and reunion of the Associa- 
tion of Supervising Electrical Engineers was held 
at the Connaught Rooms, London, on Friday, 
April Ist, under the chairmanship of the president 
of the Association, Mr. Brian Donkin. After 
the loyal toast had been honoured the toast of 
“The Electrical Industry ’”’ was proposed by Sir 
John Cockcroft, Director of the Atomic Energy 
Research Establishment. Sir John said that the 
electrical industry and atomic energy, which were 
linked by the recently announced programme for 
nuclear power stations, had much in common, 
including a very long gestation period. In the 
case of atomic energy fifty-one years had elapsed 
since Rutherford wrote of the store of energy 
in the atom. Sixteen years later the atom had 
been “‘ split ’’ by electrical means in the labora- 
tory. By 1937 nuclear fission had become pos- 
sible on a large scale and by 1942 the first 
atomic pile had been built, tentatively in the 
football ground of the University of Chicago, 
whence it was speedily transported to another 
destination as soon as it was discovered that it 
worked ! To-day, Sir John went on to say, 
Great Britain was in a position to hope that 
atomic energy would fill the prospective gap 
between coal supply and demand by producing 
the energy-equivalent of 40,000,000 tons of coal 
annually by 1970. Replying to the toast, Mr. 
J. Eccles, president of the Institution of Electrical 
Engineers, recalled that Sir John Cockcroft was 
the first person to cause “* forced nuclear fission.” 
In that sense he was the father of nuclear power, 
and he was to be congratulated on what he had 
done, particularly since the war, to put Britain 
in the forefront in these developments. Mr. 
Eccles said that the Central Electricity Authority 
was planning a supply system that would provide, 
by 1975, three to three and a half times its pre- 
sent output of electricity, a fair proportion of 
which would come through nuclear power 
stations. The toast of “‘ The Guests ” was pro- 
posed by the chairman, Mr. Brian Donkin, the 
response was made by Sir Norman Kipping, 
director-general of the Federation of British 
Industries. 


Road Safety Experiment at Slough 


THE Ministry of Transport and Civil Aviation 
states that the 67,000 inhabitants of Slough are 
being invited to co-operate in a two-year experi- 
ment to determine the relative valyes of various 
road safety measures. It is expected, on 
analysis, to yield valuable information which can 
be used in formulating future policy on the 
prevention of accidents throughout the country. 
It is the first experiment of its kind in Britain. 
During the experiment selected road works will 
be carried out, an improved traffic control 
system introduced and road safety education and 
police activity considerably intensified. The road 
works may include the improvement of road 
junctions, traffic roundabouts, road widenings, 
lay-bys for buses, street refuges and guard rails. 
Courtesy police patrols are being considerably 
strengthened and will include motor-cycle patrols, 
and the patrols will give equal attention to all 
classes of road users, it is stated. There will be a 
house-to-house distribution of road safety litera- 
ture and propaganda will be sustained through- 
out the experiment. Particulars of the improved 
traffic control system and other safety measures 
will be given when the experiment is started. 
The various activities will not all begin simul- 


taneously but will be phased so that the effects 
of each may be measured as accurately as pos- 
sible. During the first months the main emphasis 
will be on road safety education and police 
activity. Engineering works and other measures 
will follow. In 1954 road casualties in Slough 
totalled 470, including five killed and 134 seriously 
injured. The other casualties were slight injuries. 
The total included 183 pedal cyclists, 100 motor- 
cyclists, and ninety-six pedestrians. The detailed 
plans have been prepared by the Ministry with 
the help of the Slough Borough Councii and of 
the Chief Constable of Buckinghamshire, the 
Road Research Laboratory, the C.O.I. Social 
Survey, the Royal Society for the Prevention of 
Accidents and other interested organisations. 


Institute of Metals 


THE annual dinner and dance of the Institute 
of Metals was held in London on Thursday, 
March 3lst.. In proposing the toast of the 
Institute and the non-ferrous metal industries, 
Sir Lawrence Bragg spoke of the valuable work 
the Institute was doing for industry, and how 
the way in which it kept abreast of developments 
was shown by the formation of a special com- 
mittee to deal with metals for use in the atomic 
field. In responding to the toast, Dr. Maurice 
Cook, the president of the Institute of Metals, 
pointed out that not very many years ago about 
six metals carried the weight and wealth of the 
world, whereas now there were thirty to forty 
strategic materials in use. At the present rate of 
consumption the known supplies of some of these 
metals would be exhausted in less than a hundred 
years. On the other hand, new light metals were 
being established industrially and would give 
spectacular results in the not too distant future. 
In his response to the toast of the guests, pro- 
posed by Mr. John Grimston, Sir Sydney Camm 
said that the aircraft industry owed a debt of 
gratitude to the light metals industry, for without 
aluminium flight would have been impossible in 
the early days of the aeroplane. In more recent 
years advances in jet propulsion of aircraft had 
been made possible by the development of metals 
with suitable properties. 


Historic Reinforced Concrete Building 


IN the April issue of the Journal of the Institu- 
tion of Structural Engineers an account is given 
by Professor Fisher Cassie of a house of rein- 
forced concrete construction built in Newcastle 
upon Tyne in 1865 by William Boutland Wilkin- 
son. Wilkinson took out a patent in October, 
1854, from which, Professor Fisher Cassie 
states, it is clear that he was one of the first to 
think of, and to produce, structural reinforced 
concrete. His patent describes reinforcing with 
flat bars or with second-hand wire ropes from 
collieries, which, he points out, should be 
inserted where the tension is expected, and 
indicates clearly that he understood the dis- 
tribution of tension in a beam. Lambot exhibited 
his famous reinforced concrete boat a year after 
Wilkinson’s patent, and it is suggested that 
Wilkinson’s ideas were distinctly in advance of 
Coignot and Lambot’s work with light mesh 
reinforcement. The house at Newcastle was 
recently demolished, but a thorough inspection 
of it has been. made and recorded. It was in 
excellent condition, we understand, and was 
entirely of reinforced concrete, including the 
stairs and chimney. Its construction has many 
points in common with present-day methods. 
The first floor consisted of precast plaster moulds, 
which had been supported in position on timber- 
ing, while old colliery ropes were laid between 
them in a rectangular pattern, to give cast-in-situ 
concrete beams and a floor slab. Test cubes 
2in in size were sawn from the concrete ; they 
gave an average compressive strength of 3800 Ib 
per square inch and a maximum of 4500 Ib per 
square inch. 
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Damodar Valley Project 


BY OUR INDIAN CORRESPONDENT 


No. II—( Continued from page 441, April \st ) 


Considerable interest has been aroused by the progress of the Damodar Valley 


Corporation’s development schemes. 


The first stage of development is due to be 


completed in 1957 ; it involves 300MW of electrical power, a million acres 
of irrigation, about 100,000 acres of land reclamation, and navigational facilities. 


F the seven dams in the development 

scheme for the Damodar Valley, four 
have been included in the first stage now 
nearing completion. Tilaiya and Maithon 
dams are on the Barakar river, a tributary 
of the Damodar. The Tilaiya dam, sited 
at the uppermost reach about 130 miles 


EI. 1234-17 9 


El. 1200-48 eae] 11 kV Switchgeor 
i 


Cubicle \ / 




















_8t''A" 


Fig. 6—Cross section of the Tilaiya dam and power-house 


above the confluence of the two rivers, is 
the first to be completed so far, and Maithon, 
near the confluence, is expected to be finished 
by 1956 or thereabouts. Tilaiya dam is also 
the first to be completed anywhere in India 
since the end of the war, and is also the first 
concrete dam to be built in the country. It 
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Fig. 7—Tilaiya dam and power-house from left bank 


is not, however, the smallest dam of the 
D.V.C., being a concrete gravity structure, 
94ft high above the deepest river bed and 
1147ft long at the road level. At the dam 
site, the river bed is about 300ft wide, the 
left bank rising with a slope of | in 5-5 for 
the first 100ft, and then about | in 16 to the 
crest. The right bank 

is somewhat flatter, 

soy rising 100ft in 950ft, 
| Movi yoo” ~«=—-soatnd- then the next SOft 
—=— to the top of the ridge 
in about 750ft. There 
is good quality rock 
available at the dam 
site, a 400ft wide belt 
consisting of quartzites 

dipping almost verti- 

i] cally, running across 
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the ridge at the site. 
Upstream of the 
quartzite belt occurs 
mica schists _inter- 
spersed with quartz 
veins, while down- 
stream of the belt 
| outcrops of finely de- 
composed fine-grained 
granite-gneiss are 
found. Much of the 
ridge is covered with 
quartzite debris and weathered surface rock 
to about 5ft to 10ft of depth. The river 
bed proper is covered with a layer of 
river sand varying in depths from S5ft to 


40ft. 3 4 


The dam is principally for irrigation 
but the head obtained is being utilised 
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Fig. 8—Konar dam, section through spillway 
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for power generation. The spillway is 510f 
long, including the piers, almost half of th 
total length. The right and left abutment 
are 407ft and 230ft long, respectively as 
the power house is on the left bank imme. 
diately below the abutment. The spillwa 
discharge is controlled by fourteen po 
gates, each 10ft high by 30ft long, and the 
two under-sluices, 30in in diameter, help to 
dispose of the maximum design flood of 
132,000 cusecs. The dam _ impounds q 
reservoir with a capacity of 320,000 acresfogt 
at the top-of-gate level, of which 260,09 
acre-feet (from level 1222 to 1192) is the liye 
storage. Uncontrolled flood storage (from 
level 1230 to 1222) is 130,000 acre-feet. The 
average tail-water level is 1135, thus givin 
a maximum head of 95ft and a minimum of 
57ft for the turbines. A cross-section of the 
dam and the power house is given in Fig, 6, 

The power house (Fig. 7) is designed for 
two 2MW generators, with provision for q 
third set at a later date. About 22 million 
kWh are expected to be available per year, 
of which a little over 9 million will be secon. 
dary power, available only during the mop. 
soon, after the station is linked with the 
D.V.C. grid. This is expected to meet the 
demand for power in the adjoining areas in 
the initial stages of development, since there 
are no industries nearby, and the area js 
only sparsely populated. The two units, 
commissioned in 1953 (THE ENGINEER, 
March 20, 1953), are of Japanese manufac. 
ture, the first of their kind to be used ip 
India. The Mitsubishi Electric Manufac. 
turing Company and Central Japan Heavy 
Industries, Ltd., who supplied the generating 
units, including the turbines, were also re. 
sponsible for the supply and installation of all 
auxiliaries, switchgear, transformers and the 
outdoor substation. The tender price was 
approximately £90,000, about a third of the 
price quoted by European and American 
manufacturers. 

The turbines and auxiliaries are designed 
for remote-controlled operation ; the cir- 
cuit breakers are solenoid-operated, and the 
entire plant is capable of central control from 
the control room, annunciation being pro- 
vided by lights and instruments for indicating 
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the operating conditions at every stage. The 
control is provided by an oil-pressure sys- 
im, and the control apparatus consists 
chiefly of solenoid-operated oil valves and 
oil-pressure relays closing or opening elec- 
tical circuits. The main characteristics of 
the power plant are given in Table II. 


TaBLE 11—Characteristics of Tilaiya Generators and 


Turbines 

Turbine : 
Ratedoutput ... ... . 2,800 h.p. 
Maximumhead .. . 100 ft 
i See ow . 64ft 
Minimum head a ae ead. ah Re 49ft 
Efficiency at fullloadandratedhead ... ... 88-5 per cent 
S LL OO EL Oe 
Discharge forthe rated outputand head ... 438 cusecs 
Diameter of a ds dds 4e0, osc. EE 
Runaway speed underratedhead... ... ... 487 r.p.m 
Number of runner vanes... ... ... ... «.. 15 
Number of guide vanes ... ... ... ... ... 20 

Generator : 
Rated normal output ... ... ... ... ... 2,500kVA 
Output on overload for 2 hours ... ......  3,000kVA 
TT cid dun -enp ‘00 950 00 80 cent 
Se ee ee 11, volts 
Max. efficiency at 100 percent p.f. ... ... 95 per cent 
Weight with exciter =... a 58 tons 


One interesting feature of the erection was 
the shrinking of the rotor on to the main 
shaft. The rotor was induction heated by 
winding twenty-two turns of 0-15 square inch 
of copper conductor ; 220V, 50 c/s, single- 
phase current was applied to this winding, 
and 260A were taken from the mains. The 
required temperature rise of 100 deg. C. was 
reached in about 14 hours. 

The Tilaiya project is the only Damodar 
project to be executed without consultants, 
either Indian or foreign. The work was done 
departmentally by direct labour, small local 
contractors being used for casual jobs. The 


» work was actually commenced in January, 


1950, but the placing of concrete was not 
begun until a year or so later. At first, con- 
creting was done by the traditional Indian 
method of a “* human chain of head baskets,” 
a method not without its advantages in a 
country where machinery, its installation, 
maintenance and running can be almost four 
limes as costly as direct labour, but ill- 
adapted for large-scale construction projects 
like dams and power stations. By December, 
1951, the construction plant had been fully 
mechanised, the equipment consisting of 
two Lima 24 cubic yard draglines, one 
Northwest 14 yard shovel dragline, two 
Blaw-Knox concrete batching plants with 
2-yard capacity tilting mixers, one Baxter 
50-tons per hour stone crusher, one Cedarapids 
50-tons per hour primary and secondary 
stone crusher, six Blaw-Knox bottom dump 
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Fig. 9—Konar dam showing the spillway 


concrete buckets of 2-yard capacity, thirteen 
air compressors, from 300 to 500 cubic feet 
capacity, six diesel-driven locomotives for 
hauling concrete buckets, and six Chicago 
pneumatic concrete vibrators. 

Two 24-yard capacity Lima draglines were 
converted into concrete-placing cranes. These 
handled the bottom-dump buckets and 
placed concrete in 4ft layers. At the end of 
the given cycle across the dam, the draglines 
were walked up to a 4ft higher elevation on 
to an adjacent block on a wooden ramp, 
where they continued concreting on the next 
lift. At the end of the final concreting, the 
two cranes were walked from the dam on to 
either embankment. 

The dam was completed early in 1953 and 
the power station, which was commissioned 
by Mr. Jawaharlal Nehru, in February of that 
year. The whole works are stated to have 
cost about Rs.4 crores (£3,000,000), although 
it is said they would have cost less had the 
work been entrusted to a contractor. After 
completion and, in fact, during construction 
also, when the reservoir was being filled, 
water was observed oozing onthe down- 
stream face, particularly through the joints. 
At one time it was felt that this would call 
for serious repairs. There were questions 
and answers in Parliament and_ the 
chairman of the D.V.C. had to step in with a 
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denial that the dam as such was in peril. 
After a fairly long programme of pressure- 
grouting, the oozing has ceased and the dam 
has withstood two monsoons and two floods 
without any hint of instability. 


KONAR DAM 


The Konar dam has a threefold purpose! : 
irrigation, power and supply of cooling water 
to the Bokaro thermal station at a steady 
rate of 400 cusecs when the station is in full 
operation. This station, which is on the 
banks of the Konar River about 12 miles 
below the dam site, has been provided with a 
20ft high weir sufficient to impound a storage 
of 60,000,000 cubic feet directly controlled by 
releases from the Konar dam. The final 
scheme for power generation is in the pro- 
cess of development and out of five or six 
schemes under consideration at one time, it 
appears from the latest progress® report that 
an underground power station immediately 
below the dam will be selected, as the most 
economic from the power point of view, 
although not so desirable from the construc- 
tional point of view. The scheme, as at present 
envisaged, will consist of an installation of 
two 20MW units working under a maximum 
head of 600ft at full storage level and at about 
550ft at maximum drawdown. The tail- 
race tunnel will be 74 miles long. It is 
expected that the plant will have an average 
annual output of about 200,000,000kWh, of 
which nearly a quarter will be secondary 
energy available only during the monsoon. 
It is most unlikely that the power station will 
be completed before 1957, for up to the time 
of writing no start had been made on con- 
struction. If the scheme does go through, 
the power station will be the first in Asia, 
although another hydro scheme south of 
Bombay will soon be busy with its under- 
ground station at Koyna, with a capacity 
six times that of Konar. The irrigation 
benefits due to Konar are about 104,000 
acres of irrigated area, almost equal to that 
accruing under Tilaiya. 

Neither Tilaiya nor Konar reservoirs have 
been provided with any flood reserve as this 
has been concentrated at the last two dams, 
viz., Maithon and Panchet Hill. According 
to the consultants, “the flood storage, if 
scattered over seven dams in the valley, would 
lose much of its effectiveness. Generally 
storms in the valley are local and so the 
flood-control provisions in the dams of the 
upper reaches may be partially or wholly 
ineffective.” Both Tilaiya and Konar dams 
will, therefore, store water for irrigation and 
power only, the latter, however, acting, in 





Fig. 10—Konar earth embankment under construction 
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addition, as a controlling headworks for the 
cooling water pond at Bokaro. 

The Konar dam, on the River Konar, about 
20 miles upstream of its confluence with the 
Damodar River, will impound 260,000 acre- 
feet of water at level 1402 (top of gates), 
about 156ft above river bed. The concrete 
dam, 910ft long at the base with transverse 
joints spaced at intervals of 40ft in the spill- 
way section and 50ft in the abutment section, 
is a straight gravity structure. It has earth 
embankments on either side (Fig. 10), the 
left one about 4000ft long and the right one 
5800ft long. There will also be a saddle 
dyke 2200ft long with a maximum height of 
22ft. The spillway is controlled by nine 
sector gates (Fig. 8), each 32ft high and 34ft 
long. In addition, there are two under- 
sluices, each 7ft 6in in diameter. 

Hollow spaces 10ft wide and 61ft long are 
provided between the blocks in the abutment 
section, the rear face of which has a slope of 
1 in 0-75, and closes at RL.1330. (The two 
end blocks on either side of the spillway form 
abutments to take the thrusts of the earth 


TaBLe IlI—Brief Statistical Data on Tilaiya and 
Konar Projects 








Tilaiya dam Konar dam 
' 
Catchment area, square miles ... 380 385 
Flow : 
Maximum, cusecs... ... ... 48,439 20,645 
Minimum 5 apee ee Nil Nil 
Average,cusecs ... ... ... 560 560 
Storage : 
Total, acre-feet ... ... ... 320,000 260,000 
Live, acre-feet 260,000 211,000 
am : 
Sk eee 98 160 
DEGTE. aie nas, “kw. aioe 1,147 910 
(concrete dam) 
9,800 
(earth 
embankment) 
2,249 
(saddle dykes) 
Spillway capacity, cusecs... ... 131,500 240,000 
Benefits : 
Irrigation,acres ... ... ... 99,000 104,000 
Power : 
Installed capacity, MW ... + 40 
Gump (proposed) 
(future) 
Totalunitsperyear ... ... ... 22-770 million | 191-000 million 











dam.) Similarly, the hollow space in the 
spillway section is 8ft wide and 60ft long and 
closes at the same level as in the abutments 
(Fig. 8). According to the consultants, this 
construction® provides the following main 
advantages :— 

(i) The hollow spaces release the uplift 
pressure as they start almost from the rock 
foundation and the water can escape freely 
into the space whence it is collected in the 
abutment section through the 4ft diameter 
pipes provided in the blocks connecting the 
spaces, and then led out into the stilling basin 
through galleries in the retaining walls. 

(ii) As the spaces are well-ventilated and 
have free air space, they hasten in the cooling 
of concrete, as the distance of travel for the 
heat is reduced to a length of 16ft only in the 
spillway section and 20ft in the abutment 
sections. 

(iii) A saving of 6 per cent of concrete is 
effected. The total volume of concrete is 
about 400,000 cubic yards. 

As against this there are disadvantages 
such as practical difficulties in erecting and 
dismantling of shuttering. But the general 
concensus of opinion on site is that the 
advantages far outweigh the drawbacks. 

Construction work on the dam was begun 
in October, 1950. Dewatering presented no 
great problem, for the foundation rock is 
fairly good, consisting mainly of granitic 
gneiss and intrusions of pegmatites, quartz 
veins and altered felspars. Crushing and 
screening of aggregate is done mechanically 
through a new I.B.A.G. crushing and screen- 
ing plant. Concrete mixing is done by three 
I.B.A.G. concrete mixers of 1500 litres 
capacity (1-31 cubic yards), and Lummhoff 
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buckets of equal capacity carry the concrete 
to the place of deposition, and three hoists 
raise the buckets to the service bridge, whence 
the Wolff tower cranes of 3-5 tons capacity 
(57ft boom) take over. During the initial 
stages as much as 1200 cubic yards of con- 
creting was achieved which tended to go down 
later on as the blocks became smaller at 
higher levels. There were three main classes 
of concrete used, the main body of the dam 
using three bags of cement (per cubic yard), 
three-and-a-half bags for subnormal founda- 
tions, and four-and-a-half bags for a 5ft to 
7ft thick skin on all the faces exposed to 
atmosphere and water. The average crush- 
ing strengths after twenty-eight days were, 
respectively, 3587 Ib per square inch, 3928 Ib 
per square inch and 4774 Ib per square inch. 

The entire construction work has been let 
to the Hind Construction Company and 
Patel Engineering Company, Ltd., of Bom- 
bay, and although there was, at first, some 
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difficulty as regards heavy Construct; 
machinery, such as cranes, shovels and ™ * 
lines, this was soon overcome and the Main 
concrete dam was completed by May las 
year (Fig. 9), but for a few minor detail 
such as road slab, &c. The earth embank. 
ments have also been completed. Grune, 
Brothers, of Basle, Switzerland, designed the 
dam and supervised the construction. Tabje 
III gives a brief statistical summary of the 
two projects. 
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Progress in Non-Ferrous Metals 


By DR. MAURICE COOK 
No. II—{ Concluded from page 447, April \st ) 


Here are reprinted extracts from the Presidential Address delivered by the author 

before the Institute of Metals on Wednesday, March 30th. Dr. Cook surveyed 

broadly the progress in non-ferrous metallurgy between the termination of the 

first world war and the present day, dealing particularly, but not exclusively, with 
wrought non-ferrous metals and alloys. 


IMPURITIES 


ROM the results of research of immediate 

technological interest that has been going 
on in recent years, we know enough about 
impurities and their influence on metals to 
appreciate not only the beneficial effect of 
high purity, but also that a pure material 
is not always, and in all circumstances, 
better than one which is less pure. From 
this work we have learned much in a few 
years and we know, for example, that small 
amounts of elements fortuitously present, or 
deliberately added to a metal, can affect its 
properties, or some of them, to a most 
pronounced degree. We know also that the 
purity not only of the parent metal but of the 
alloying metals can markedly influence the 
quality, properties and serviceability of the 
resulting alloy. This whole question of 
purity of metals and alloys is one of the 
greatest possible importance and significance 
in both their processing and use, and the 
successes that have been achieved in pro- - 
ducing primary metals to high purity stand- 
ards must certainly rank amongst the most 
outstanding advances that have been made in 
the past two or three decades. 

Usually the corrosion resistance of a metal 
increases with its purity. With magnesium, 
which affords a notable example of this, 
remarkable improvements have been obtained 
in the corrosion resistance of the metal itself, 
its alloys and alloys in which it is a major 
constituent, by reducing the amount of 
impurities. Aluminium is another well- 
known case where availability of high purity 
metal has had a significant effect on the 
extended uses of the metal itself and also on 
its alloy technology. But the light metals are 
not alone in this, and other base metals, too, 
can now be obtained in high purity grades. 
The advent towards the middle twenties of 
high purity zinc, that is, not less than 99-99 
per cent, provided a turning point in the 
evolution of zinc base die casting alloys, 
which represent the most notable single new 
use for zinc that had been developed during 
this century. Castings in these alloys that 





had so far been produced were prone to 
distortion, corrosion and dimensional in- 
stability, and the work in 1922 of Brauer and 
Peirce, which showed that this was associated 
with the presence of small amounts of tin, 
lead and cadmium, pointed the way to the 
production of vastly superior castings by 
using alloys made from high purity zinc. 

Just how significant the restriction, to a 
low limit, of a commonly occurring impurity 
can be in influencing production practice is 
illustrated by lead in alpha brass. Until a 
few years ago it was usual in making strip 
and sheet in alpha brass alloys to cold roll 
throughout. With the need for processing 
much larger ingots into wider and longer coils 
the attractiveness of initial hot rolling was 
clear enough, but only became possible and 
generally adopted, as it has been, by limiting 
the lead content to a maximum of 0-02 per 
cent, although other considerations and some 
specifications would tolerate a much higher 
figure. 

There are also many instances of the 
remarkable and beneficial effects which can 
be produced in well-known alloys, both 
ferrous and non-ferrous, by small additions 
of elements other than the alloying ingre- 
dients themselves. I will mention but two. 
Aluminium-silicon alloys nowadays are 4 
familiar group of light foundry alloys, and 
although they have been known for 4 
very long time, they only attained industrial 
importance after Pacz had shown, in 1920, 
that the properties of the eutectic alloy could 
be vastly improved by the addition of small 
amounts of sodium or other alkali metals. 
Much more recently, we have a comparable 
example of beneficial structural modification 
inthe production of nodular cast iron by inno- 
culation of the melt with a small quantity, 
that is about 0-1 or 0-2 per cent, of cerium 
or magnesium, and irons so treated are far 
stronger and tougher than those in which the 
graphite is present in the usual flake form. 

There has been no tardiness on the part 
of industry in making use of these and many 
other such discoveries and findings, some of 


























































































































accidental and most of them empirical, 
concerning the effect of small amounts of 
ed elements. The results have so often 


| heen 80 Very rewarding that it is surprising 
fey ach more work has not been done to obtain 
sak. afuller understanding of these effects and how 
Uiner fy they are brought about, and I cannot but 
the ihink that studies in this field merit more 


rominence and a greater share of the avail- 
able research effort than they at present 
€. 
an TITANIUM 
Titanium was discovered in 1790, but 
for 135 years knowledge of its properties 
was hidden from us by the masking effect, 
js we now know, of impurities, such as 
oxygen and nitrogen in particular. Prior 
to 1925, it was known only as a brittle un- 
promising metal, but in that year the Dutch 
chemists van Arkel and de Boer, produced 
metal of about 99-9 per cent purity, which 
was quite different from that hitherto made, 
inasmuch as it was very ductile and readily 
workable in the hot and cold states. Ele- 
nt though it was, the method used by 
van Arkel and de Boer of thermally dis- 
sociating the tetra-iodide of titanium formed 
at much lower temperatures could not be, 
and has not yet been, translated into an 
industrially workable process. ‘However, as 
a result of their work, it became possible 
to determine the real properties of titanium, 
and this information pointed the way to an 
important and growing future for the new 
metal. The worth-while objective was there 
for the development of a less-costly extrac- 
tion process which would yield acceptably 
pure metal. To Kroll, working at that time 
in Luxembourg, goes the credit for devising 
and developing the first process to be used 
on an industrial scale for the extraction of 
titanium. In 1940, he was granted a patent 
for the production of titanium by reduction 
of the tetra-chloride with metallic magne- 
sium, with subsequent removal of the residual 
magnesium and magnesium chloride by 
leaching. This pioneer work was continued 
in the U.S.A. under the auspices of the 
Bureau of Mines, and details of the various 
techniques developed were made known in 
1946. Industrial production started modestly 
in the U.S.A. in 1948 with an output of about 
1S tons. In 1954 this probably reached, in 
total for the world, although most of it was 
American, about 4000 tons, and the capacity 
of existing and projected plant in the U.S.A. 
is reputed to be about 35,000 tons. It has 
been suggested that the demand could soon 
reach six figures, and it would seem quite 
probable that an output of this magnitude 
might well be achieved in the next few years. 
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WELDING 


Particularly over the last twenty years a 
vast amount of work has been carried out 
on the metallurgy of welding processes, and 
this has led to many notable developments in 
welding practice and the increasing use of 
welding as a method of construction. It 
is in this period, and as a result of this work, 
that so much progress has been made in the 
welding of non-ferrous materials which 
before then was but an indifferently successful 
and not very extensively used joining tech- 
nique. For fusion welding, the processes 
So generally and satisfactorily employed for 
steel, that is gas, metal-arc and carbon-arc 
welding, were adopted in the absence of 
others, for welding non-ferrous metals, but 
they have not generally proved suitable for 
the production of high-quality welds. It was 
the advent during the war years of the argon- 
arc process, and subsequently of the argon- 
shielded metal-arc process, that so greatly 
changed the position in providing a means 
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whereby consistently sound strong joints 
could be produced in such materials as alu- 
minium and copper-base alloys. In these pro- 
cesses, the use of flux, with its attendant dis- 
advantages, is not necessary, since the heated 
metal is shielded from the atmosphere by a 
blanket of inert gas. Moreover, the high 
rates of heat input that can be achieved are 
of particular value in welding materials of 
high thermal conductivity, and enable heating 
to be confined and so minimise cracking and 
distortion. In the argon-are process, either 
direct or alternating current can be used, and 
with the latter, in the half cycle in which the 
electrode is at positive potential, a cleaning 
action, essential in welding such materials 
as aluminium, magnesium and aluminium- 
bronze, which possess resistant oxide films, 
is effected on the metal surface. In the argon- 
shielded metal-arc process, a similar result 
is obtained, and because of the .very high 
current density in the electrode wire, and con- 
sequently the strong magnetic field surround- 
ing the arc, the metal is transferred as a 
narrow column of fine spray, rather than as 
droplets. This directional effect, which is 
so pronounced that welding can be carried out 
in all positions, and the high thermal effi- 
ciency which results in high rates of metal 
deposition and consequently high welding 
speeds, make the process especially attrac- 
tive for constructional work. 


TIN PLATE 


Tin plate, of course, is essentially a ferrous 
product. This commodity accounts for 
about half the total consumption of tin, and 
its annual output, which runs into millions 
of tons, is produced on some of the most 
imposing plant employed in the metallurgical 
industry. The changes that have revolu- 
tionised production methods have been the 
introduction of large powerful mills for 
rolling wide strip in coils weighing several 
tons, and of electrolytic tinning with the 
consequent creation of an effectively inte- 
grated large-tonnage continuous process 
yielding a product of consistent quality. 
These plants, indeed, impress by their immen- 
sity, capacity and efficiency, and the accomp- 
lishment of implementing, within-one decade, 
research work on electro-tinning into a 
continuous industrial process on a vast scale, 
must surely rank as one of the most striking 
metallurgical successes of our time. 


ANALYTICAL CONTROL 


Since the properties of metals and alloys 
are so closely and largely determined by 
their composition, analytical control has 
always been a necessary and important feature 
in the wrought non-ferrous industry. To-day 
it is, with the increased volume and variety of 
production, and the existence of an ever- 
increasing number of specifications with 
stringent compositional clauses, more import- 
ant than ever. But apart from specification 
requirements, effective analytical control, 
which implies quickly available accurate 
analytical results, is indispensable to many 
of the more recently developed processing 
techniques. Fortunately, considerable atten- 
tion began to be directed years ago to the 
development of rapid and accurate analytical 
procedures, and the success that has attended 
these efforts, which very rightly and wisely 
have been continued, represents, in my view, 
an outstandingly valuable contribution to 
the progress of the industry. It seems to me 
doubtful if the importance of this work, on 
one of the industry’s ancillary but most 
essential services, has been generally or 
sufficiently appreciated. 

The spectrograph has been by far the most 
useful of the various physical methods that 
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have been devised, for its successful applica- 
tion in non-ferrous analysis has made it 
possible for results to be obtained in the 
space of minutes rather than hours, or longer, 
with an enormous saving of manpower. The 
values of these techniques is reflected by the 
statement of Twyman to the effect that during 
the war there must have been about 500 
spectrographic outfits in use in Great Britain 
alone, for controlling the production of 
industry. In this field; research was under- 
taken by the British Non-Ferrous Metals 
Research Association in 1925 and has con- 
tinued ever since. It is a notable example of 
highly successful co-operative research. The 
first paper dealing with industrial applica- 
tions of spectrographic techniques, published 
in 1923, recorded results obtained in an 
American laboratory with a British instru- 
ment, and the first papers on this subject in 
the Journal of the Institute appeared in 1931. 
In the early years of their employment in 
industry spectrographic methods were limited 
to the detection and estimation of small 
quantities, by means of visual examination of 
spectra recorded on photographic plates. 
Later, however, the barrier-layer photo-cell 
made possible the production of a micro- 
densitometer, with which densities of recorded 
lines could be accurately measured, thereby 
greatly extending the scope of spectrographic 
methods. The great advances in electronic 
design and components during the war led 
to a radical change in spectrographic pro- 
cedure, by the use of electron multipliers for 
recording directly, and immediately, the 
intensities of radiations. Direct-reading 
spectrometers became available in the U.S.A. 
in 1945, and they have been followed by 
others made in this country and elsewhere. 
As a class, they are certainly the most 
efficient analytical instruments so far devel- 
oped, inasmuch as they provide for the 
accurate, rapid and economical estimation of 
most, if not all, metallic elements. 

During the thirty-six years that have come 
and gone since the termination of the first 
world war our knowledge of metals has been 
vastly increased and profoundly deepened. 
As a result of this, and the immense strides 
forward that have been made in production 
technology, in improving processes and 
products and in developing new ones, the 
industry has grown greatly both in size and 
importance. Impressive as all these achieve- 
ments have undoubtedly been, I think we can, 
with every confidence, look forward to still 
more outstanding advances in the future and 
this Institute, I am sure, can and will help 
importantly in their fulfilment. 





Code of Practice 


ZINC ALLOY PRESSURE DIE CASTING FOR 
ENGINEERING. 

C.P. 3001: 1955. Price 5s. The British Stan- 
dards Institution announces the publication of 
a Code of Practice, C.P. 3001 : 1955, “* Zinc Alloy 
Pressure Die Casting for Engineering,” which has 
been prepared jointly with the Institution of Mechani- 
cal Engineers. 

This code has as its objective the establishment of 
recognised practices in the design, production and 
inspection of zinc alloy die castings, in order to 
ensure that the materials used, the procedures followed 
and the design of the castings, shall provide a product 
that is reliable in every respect. 

Zinc alloy die castings will perform satisfactorily 
in service only if they are free from contamination 
by certain elements harmful to the mechanical pro- 
perties and corrosion resistance. The code, therefore, 
states that it is essential that these elements should not 
be present in higher proportions than those indi- 
cated in B.S. 1004, “* Zinc Alloys for Die Casting.” 

Attention is drawn to the fact that a revised edition 
of B.S. 1003-4 has recently been issued, and that 
arrangements have beeen made for the use of the 
B.S.I. Certification Mark by manufacturers who hold 
a licence, and who are required to ensure that the 
whole of their production of zinc alloy die castings 
complies with Part 2 of B.S. 1004. 
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High-Precision Electric Dynamo- 
meters 


THE ENGINEER 


By D. FIRTH, A.M.I.Mech.E.* 


A high-precision swinging-frame electric dynamometer has been developed for 
measuring the efficiency of hydraulic machinery. It is accurate within +0-1 per 


cent of full-scale torque and is reasonably portable. 


Novel features include 


pneumatic trunnion bearings, hydraulic torque measurement, and electronic speed 
control to within 0-1 per cent over a wide range. The development of the design 
is described and design considerations for larger dynamometers are examined. 


IGH-PRECISION electrical dynamo- 

meters were required for the new 
hydraulic machinery building of the Mech- 
anical Engineering Research Laboratory, 
East Kilbride. Accuracies within +0-1 per 
cent of the full-scale torque and the rotational 
speed were required and the dynamometers 
were to be capable of being easily moved 
around the building. As _ conventional 
dynamometers did not meet these require- 
ments, a special design was developed at the 
Laboratory, using a converted d.c. motor, 
giving 25 h.p. at 3000 r.p.m. Novel features 
including pneumatic trunnion bearings, 
hydraulic torque measurement and electronic 
speed control, have resulted in a unit of 
unusually high accuracy. The development 
work has also suggested new ideas. for larger 
dynamometers. 


TRUNNION BEARING DESIGN 


Three types of trunnion were investigated : 
simple ball-bearing pedestals, ball-bearing 
pedestals with the outer races rotated, and 
pneumatic bearings. The bearings were 
fastened to the end shield facings of the 
dynamometer and the whole assembly was 
mounted on a base plate. With the con- 
ventionally mounted ball-bearing trunnions, 
friction introduced an error of --0-9 per cent 
of the full-load torque of the dynamometer, 
even though great care had been taken to 
align the pedestal bearings correctly. 

The same ball races were supported in 
needle roller bearings and the outer races 
were rotated in contrary directions by 
variable-speed electric motors (Fig. 1). This 







Fig. 1—Ball-race supported in needle roller bearings 
and arranged for rotation in a direction opposite to 
that of the shaft 


reduced the frictional loss to 0-007 per cent 
of full-load torque, after taking special 
care with alignment and lubrication. The 
same frictional loss was obtained with a 
similar set of bearings. Although the 
friction of the two contra-rotated bearings 
on the dynamometer was not exactly com- 
parable, it did not vary greatly with speed. 
A speed of 45 r.p.m. was used to prevent the 


* Fluid Mechanics Division, Mechanical Engineering Research 
Laboratory, East Kilbride, Glasgow. 





introduction of vibration from the driving 
motor. The best lubricant found was a 
light machine oil thinned with paraffin. 
Some “running in” of the bearings was 
noticed. This, together with the fact that 
bearings with different friction/speed charac- 
teristics had been used, suggest that an even 
lower frictional loss could be obtained by 
using selected bearings that had been carefully 
“run in.” 

It was decided to use pneumatic bearings 
for the 25 h.p. dynamometer. They were 





Fig. 2—Pneumatic bearing for 25 h.p. dynamometer, 
designed as simple sleeve bearing with the journal 
suspended in gimbals 
designed as simple sleeve bearings with the 
journal suspended in gimbals (Fig. 3). This 
enabled each bearing to find its best align- 
ment, thus eliminating the need for costly 
precision manufacture elsewhere. Air at 
80 lb per square inch pressure was fed into 
each bearing through twenty circumferential 
holes, 0-02lin in diameter. The bearings 
(Fig. 2) were Sin diameter by 6in long with 
a diametral clearance of 0-0035in, and 


oil in place of air. 
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Fig. 4—Equipment for measuring 


torque below 
1600in-Ib 


together supported a total load of 1100), 
The friction of these bearings was too small 
to be measured when in clean running con- 
dition, but a very small amount of dirt greatly 
increased the coefficient of friction. To 
meet this requirement for clean air, the air 
compressor should be of the “ oilless ” type 
fitted with aftercoolers, a drier and an efficient 
filter. 

A disadvantage of pneumatic bearings is 
their large air consumption. These bearings 
used 15 cubic feet of free air a minute, but 
the air supply was required only when a 
torque reading was made. Another dis- 
advantage of pneumatic bearings is their 
size compared with that of the dynamometer 
being supported. The proportions are 
reasonable for small units, but the bearings 
become disproportionately large for dynamo- 
meters above about 25 h.p. 

Oil-lift trunnion bearings! are probably 
suitable as frictionless bearings for larger 
dynamometers. They are similar in principle 
to pneumatic bearings, but higher pressures 
are obtained with lower flow rates by using 
The dimensions of these 
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Fig. 3—General arrangement of air bearing pedestal 
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earings are, therefore, smaller and the cost 
of the high-speed oil pump is less than that 
of the air compressor. By using oil of low 


viscosity, | would seem that the coefficient 


of friction would be sufficiently low to meet 
the requirement of high-accuracy dynamo- 
meters. 
tages: as 


They also have certain disadvan- 
with air bearings, dirt particles 


é 


Fig. 5—Assembled unit for measuring torques below 1600in-Ib 


are inimical to high sensitivity ; temperature 
changes in the oil produce variations of film 
conditions in the bearing, and the possibility 
of leaks from the oil system calls for special 
protection of other parts of the dynamometer. 


TORQUE MEASUREMENT 


The unit for measuring torque below 
1600in-lb is shown in Fig. 4. It comprises 
a rotating hydraulic valve on a stationary 
piston operated by an arm extending from 
the carcase of the dynamometer. The piston 
1 contains three ducts 7, 8, 9, the duct 7 
opening in the upper end of the piston and 
the ducts 8, 9 into the grooves 10, 11 in the 


Fig. 6—The 25 h.p. dynamometer 
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piston near its upper and lower ends. At 
the upper end of valve 2 is an enlargement 12 
which forms an upper shoulder 13, while a 
groove 14 in its wall defines a lower shoulder 
15. A duct 16 connects this groove 10 with 
the enlargement 12. The distance between 
shoulders 13 and 15 is equal to the distance 
between the outer edges of the grooves 10 
and 11 in the piston. 
Thus, in the null 
position shown in Fig. 
4, these’ shoulders are 
in register and both 
piston grooves cov- 
ered. The null posi- 
tion is indicated by a 
steady pressure read- 
ing. Immediately the 
cylinder moves axially 
communication is est- 
ablished between the 


or other of the grooves. 
The upper groove 
10 communicates 

through its duct 8 

c with a pipe 16 with a 

/ continuously driven 

a, gear pump 17, so that 

as ifthecylinder descends, 
liquid under pressure 
is admitted to raise 
the cylinder until it 
again reaches the null 
position. Similarly 
the lower groove 11 communicates through 
its duct 9 and a pipe 18 with the sump 
19, so that if the cylinder rises above 
the null position, oil can escape to the oil 
sump until the cylinder returns to the null 
position. A small negative lap of 0-0015in 
was found necessary for stable operation. 
The gear pump 17 draws from the sump 19 
and, to provide for conditions when the 
cylinder is at or above null position, a relief 
valve 21 discharges the pump supply back 
to the sump. The assembled unit is shown in 
Fig. 5. 

Pressure from the cylinder head is trans- 
mitted through duct 7 and pipe 22 to a 
pressure measuring instrument. In the tests 
described this was a 2m mercury manometer 
reading to 0-02mm, which was the maximum 
sensitivity of the installation. The unit thus 
works satisfactorily with a Bourdon test 
gauge, which can be arranged for remote 
reading, but the accuracy and the sensitivity 
is not as high as with the mercury column. 

To minimise friction the cylinder was 
rotated relative to the piston, thus maintain- 
ing a continuous fluid film between the 
working surfaces. Provided that dust particles 
can be filtered from the hydraulic fluid, wear 
can thus be almost eliminated. Michels? has 
demonstrated the effectiveness of rotation 
and an accuracy of 1 part in 10,000 has been 
claimed® for deadweight gauge testers which 
use the same principle. Only secular changes 
can affect the calibration and such effects 
can be eliminated if stable materials are used. 

Other well-established methods are to 
impose a high-frequency “dither” to one 
of the components or a_ high-frequency 
pulsation to fluid between the pressure 
sensing and measuring elements. However, 
as it was considered important in the interests 
of accuracy to avoid pulsations, the rotational 
technique was adopted. 


THE DYNAMOMETER ASSEMBLY 


The 25 h.p. dynamometer is shown in 
Fig. 6. The motor carcase, with its support- 
ing feet cut off flush with the body, was 
mounted via the pneumatic bearings on a 
rigid frame fabricated from mild steel. The 
torque arm attached to the motor frame was 


cylinder space and one - 
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arranged with an extension to enable the 
dynamometer to be calibrated using dead- 
weights, a small knife edge being provided 
for the weight hook. To eliminate drag on 
the carcase, all electrical connections were 
made to the motor through mercury pots. 
With certain types of dynamometers, the 
load indicated is proportional to the dis- 
placement of the torque arm from a zero 
position. On such machines careful calibra- 
tion is needed to eliminate secondary effects 
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Fig. 7—The basis of the speed control system ; the 
speed is compared with that of a reference speed 
motor 


harmful to the accuracy of the dynamometer, 
such as the change in the centre of gravity 
of the dynamometer carcase with change of 
load, and the deflection of the electrical leads 
to the dynamometer. If mercury pots are 
used in place of flexible leads, they should be 
so arranged that the buoyancy of the mercury 
does not affect the accuracy. These effects 
are reduced to a minimum with the null- 
reading type of dynamometer described in 
this paper. 

The armature was supplied from a d.c. 
generator. The supply to one-half of the 
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split field came from the d.c. mains and the 
other half was fed from a thyratron amplifier 
in the speed-control unit. 


SPEED-CONTROL UNIT 


The need for a speed-control unit was 
demonstrated when the assembled dynamo- 
meter was run with and without speed 
control. With speed control the manometer 
reading was steady, but without speed control 
the reading varied with changes in speed. 
The manometer fluctuated in synchronism 
with the differential indicator in the speed- 
control unit. For the kind of work for which 
this dynamometer was intended, the repeat- 
ability of a speed setting was essential. 

A commercial speed control was therefore 
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Fig. 9—Typical dynamometer torque calibration record 


chosen which enabled a speed to be set and 
automatically maintained within close limits.‘ 
The basis of this system is shown in Fig. 7. 
The “reference speed” motor is a syn- 
chronous motor operated from a supply 
whose frequency is accurately fixed. In the 
basic system this frequency is determined 
by a tuning fork and a 30W amplifier provides 
the power for the synchronous motor. 

When the dynamometer shaft is running 
at exactly the same speed as the “ reference ” 
motor, the output shaft from the differential 
connected between the two motors is 
stationary. Any small departure of the 
dynamometer from the correct speed causes 
a slow rotation of the output shaft from the 
differential ; the direction of rotation indi- 
cates whether the speed is high or low. A 
friction clutch between the differential and 
the error-output shaft prevents damage to the 
differential which would be caused by a 
prolonged error in speed. 

An electrical system, operated by the 
shaft, controls the output of the thyratron 
amplifier to the dynamometer field and 
corrects the dynamometer speed until the 
differential is stationary. 

The range of operating speeds was obtained 
by interposing a mechanical gearbox at point 
A (Fig. 7). This gearbox allowed the selection 
of any one of 900 ratios over a range of 
10/1 in steps of 0-1 per cent. The ratios 
were selected by three decade dials arranged 
so that the number selected on the dials 
directly indicated the speed of the dynamo- 
meter. 


TORQUE CALIBRATION OF THE COMPLETE 
DYNAMOMETER 


The relation between manometer reading 
and torque is linear (Fig. 8). The inaccuracies 
of the system are too small to be shown on 
a conventional calibration curve, .and the 
results are therefore. shown as deviations 
from the R.M.S. value of a number of static 
calibrations (Fig. 9). These results were 
obtained over the course of a working day 
with the dynamometer and the torque 
measuring gear running continuously. The 
greatest variation from the R.M.S. value, 
based on a series of static calibrations, 
represented an accuracy of +0-09 per cent at 
full scale of the dynamometer. 

It is customary on most dynamometers 
of this kind either to establish calibration 
curves at different speeds for eliminating 
the effect of windage on the torque reading 
or to use some scheme of windage elimination 
on the dynamometer itself. When the work 
was first started, it was fully intended to 
fit windage eliminators, but, as can be seen 
from the final calibration runs in Fig. 9, they 
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were not necessary. 

When working for 
long periods  con- 
tinuously, slight drifts 
in zero readings were 
found to coincide with 
changes in tempera- 
ture of the oil in the 
torque weighing 
system. An explana- 
tion of this effect can 
be found in the leak- 
age caused by de- 
ficiencies in manu- 
facture of the torque 
weighing cylinder, and 
the effect of temper- 
ature on the mercury 
column. The speci- 
fied clearance between 


siti 














£0:09% of Full Scale Torque Reading 





ie 


~ —— the piston and the 
sleeve was 0-0005in, 
whereas the manufac- 
tured clearance became 
0-0025in. Nevertheless, even with this 


increased clearance the measuring gear met 
the requirements. The total sustaining 
load of the piston is the product of the work- 
ing pressure and the effective area, plus the 
shear associated with the leakage between 
the pressure and the exhaust ports along the 
valve boundary. Thus for a constant load 
on the piston, any alteration in the leakage 
rate affects the proportion between the two 
components. 

Even though the error was within the 
specified limits of accuracy, steps are being 
taken to reduce it. 
These include a new 
piston and cylinder 
with the correct work- 
ing clearance and a 
reduction of the tem- 
perature range of the. 
working fluid by alter- 
ing the by-pass ar- 
rangements at the 
pump. A torque unit 
for measureme'n'ts 
greater than 1600 lb-in 


is also being de- 
veloped. 
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Harp METAL FACING OF BANDSAW TEETH.—A new 
ublication of Deloro Stellite, Ltd., Highlands Road, 
irmingham, describes a process which has been deve- 
loped by the firm for depositing the hard abrasive resis- 
tant alloy, “‘ Stellite,”’ on bandsaw teeth. In this process, 
each tooth of the saw is swaged to produce the usual 
tooth form with a dimple, and the teeth are side-dressed. 
A deposit of “* Stellite’’ is then applied in each tooth 
dimple, and after the teeth have been tempered, they are 
— in the usual way. It is stated that saws so tip 

ave a longer working life than untipped saws, and they 
can be reground up to ten times before refacing with hard 
metal is again necessary. 
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Canadian Suspension Bridge 


A SUSPENSION bridge with a main 5 
almost 1450ft has recently been completed j 
Eastern Canada. The bridge is known as ve 
Angus L. MacDonald Bridge, and gives q high 
connection between the City of Halifax ae 
town of Dartmouth, in Nova Scotia, Jj -* 
opened on April 2nd, after three years of 
structional work, which, we are iniormed a 
stituted. the largest bridge buildin» a 
Eastern Canada for a quarter of a century Th 
leading dimensions of the bridge «re given 4 
the accompanying table, and its general desien 
is shown in the illustration. im 


Main Statistics of the Angus L. MacDonald Bridge 
Overall length, abutment to abutment ... 4410 
Length of main span between towers... ... 1447f¢ 2in 
Height of towers... ee) areca. sone 309ft 
Minimum clearance under main span... 165ft 
Total weight of steel in bridge ... 8227 tons 
Length of maincables ... ... ... 1... «.. 3140ft 
Distance apart of main cables... ... ... ... 40ft 
Sag of main cables tes: eae ew Jains 133—~6in 
Diameter of each of main cable oe: 
Number of strands in each cable ... ... ... 61 
Diameter of each individual strand... Itin 
Width of roadway eS ae ee 
Width of sidewalk vie) nel ein “ake See: oes 
Cost of bridge, approximately, dollars ... ... . 10,750,000 


The first Halifax harbour bridge, a wooden 
structure with a steel swing span 640ft in length 
was swept away by a storm in 1891. The present 
bridge is stated to be the second largest suspension 
bridge in the British Commonwealth, being 
exceeded in size by the Lions Gate Bridge in 
Vancouver, which it closely resembles. The 
Halifax-Dartmouth Bridge has a total length, 
including approaches, of 5290ft compared with 
5978ft for the Lions Gate, and the central span 


The Angus L. MacDonald Bridge, as seen from the Halifax side of the 


It has an overall length, including approaches, of 5220ft 


at Halifax is 1447ft in length against 1550ft for 
Lions Gate. 

The bridge has a 27ft roadway and a Sft pave- 
ment. 
telephone cables, and inspection walks, and there 
is provision for it to carry a 30in water main 
from the Dartmouth side of the habour when 
the City of Halifax outgrows its existing water 
supplies. There is often fog in Halifax harbour 
at certain seasons, so the bridge has sodium 
vapour lighting. Each of the three suspended 
spans has a “ travelling bridge,” which can be 
moved along beneath the span for inspection and 
maintenance. 

The consulting engineer for the project was 
Dr. P. L. Pratley, of Montreal, with Mr. C. A. E. 
Fowler as associate engineer. The principal 
contractor for the superstructure was the 
Dominion Bridge Company, Ltd.; this firm was 
responsible for the fabrication and erection of the 
steel, but six other firms contributed to the 
fabrication of the structural steel components as 
sub-contractors. 
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Terminal Buildings at London Airport 


( Continued from page 461, April 1st ) 


THE ENGINEER 


No. II—RADAR INSTALLATIONS 


Certain air terminal buildings at London Airport are being commissioned this 

month ; they include the control tower in which is based an unusually comprehen- 

sive system of surveillance and navigational aids. Here we give a brief description 

of some of the radar equipment, namely, the long range and medium range surveil- 

lance sets, the height-finding radar and the millimetric radar for indicating move- 
ment of aircraft on the ground. 


SOUTHERN AIR TRAFFIC CONTROL CENTRE 


HE new air traffic control centre for Southern 
Taare, which has been built at London 
Airport, will replace the air traffic control centre 
at Uxbridge, Middlesex, which was separated 
from the long-range radar unit at London Airport 
by Smiles of telephone wires. The main advan- 
age of the new centre is that for the first time 
the air traffic controllers will work directly 
alongside the radar unit. ; 

The heart of the new centre consists of a control 
room 60ft by SOft with a “* service space ” of the 
ame size immediately below it. Only those 


items of radio and radar equipment required 
by the controlling staff are in the control: room 
itself—the only radar equipments to be seen, for 
instance, are desk-mounted units. 


Associated 





Fig. 1—The aerial of the ‘‘ S232 ”’ set is a horn-fed 

parabolic reflector with a horizontal beam-width of 

3% deg. It rotates at 10 r.p.m. on the roof of a 

concrete building which ane the transmitter and 
receiver 


equipment has been placed immediately below 
or in nearby equipment rooms, and is easily 
reached for maintenance without disturbing 
the operating staff. Special attention has been 
given in the control room to acoustics, air con- 
ditioning and lighting. The problem of combin- 
ing ordinary room lighting with the prevention 
of glare on the radar screens has been solved 
by using three-colour lighting in the ceiling and 
special amber screens over the radar tubes. 
Groups of three fluorescent tubes of different 
colours—blue, green and red—give a mixed light 
that looks white. The special screens over the 
radar tubes allow only amber light to pass 
through ; in this way the yellow radar blips can 


' be seen clearly against a black background as 


long as the relatively bright room lighting is 
deficient in yellow. 


RADAR INSTALLATIONS 


The radar installations at London Airport 
fall into five main categories, covering long-range 
(up to 120 miles) surveillance radar installations, 
a shorter-range installation, working up to 60 


miles range, height finding, G.C.A. (ground 
control approach), landing equipment, and 
finally an aircraft surface movement indicator. 
Some of these installations are described below. 
The controllers use long and short-range 
radars, which enable them to see aircraft on the 
screen immediately after take-off and’ to follow 
them out up to 100 miles ; inbound aircraft are 
similarly treated. Radar used in this way enables 
separation between aircraft to be reduced with 
safety so that more traffic can be handled in 
confined air spaces. Radar can also be used to 
assist a pilot where navigation may be in error, 
to give warnings of other aircraft which may 
present a hazard and to route aircraft around 
unfavourable weather. In cases of doubt or 
where pilots have not reported their altitude or 
are not in communication with the centre, the 
controller is able to get an appropriate altitude 
from a radar height finder. At the Southern 
Air Traffic Control Centre there is at present one 
height finder, but two more will be installed. 


LONG-RANGE SURVEILLANCE RADAR 


An airfield control radar, type “ $232,” has 
been developed by Marconi’s Wireless Telegraph 
Company, Ltd., for long-range surveillance and 
for close control of aircraft within the airport 
terminal area. An early development version 
of this equipment has been in operational use 
for some time, and from it has been evolved the 
new “$232” set, which is to be installed at 
London Airport in the near future. 

Three points about the “$232” equipment 
are of particular interest. The first is that it 
operates in 50cm (500-610 Mc/s) band with the 
object of minimising the effects of rain and cloud. 
The second is the introduction of an improved 


Brief Specification of Marconi ‘* S232” Radar 


Transmitter and receiver : 
Radio frequency... ... 500-610 Mc/s crystal controlled 
(eleven spot frequencies are 

provided) 

Peak power output... ... 50-60kW 

Pulse recurrence frequency 

WUE sas bce ecu ace 


500-800 p.p.s. crystal controlled 

2 or 4 microseconds (remotely 
controlled) ° 

8-10 db approximately 

500 kc/s at 3db down 


Receiver noise factor... ... 
Receiver bandwidth (overall) 
Receiver intermediate fre- 


ee 
Permanent echo suppression At least 46db, up to maximum 
range 


Aerial System : 
Horizontal beam width 34 Le at 3db down approxi- 
mate 


y 
Vertical coverage... 20 deg. approximately 


Polarisation... ... Horizontal 

Tilt adjustment ... —1 deg. to +10 deg. to the 
horizontal 

Length of reflector . 29ft 

Height of reflector 10ft 


Maximum speed of rotation 10 r.p.m. servo-controlled 


P.P.L. displays : 


P.P.I. time-base ranges . 0-20 to 0-120 nautical miles 


continuously variable 
5 and 10 nautical mile intervals 
Off-centre, video map input, 
short time-constant;  elec- 
tronic azicator for height 
finder if required 
. 400V, 3 phase, 50 cycle, 12kVA 
(approx.) 
M.T.I. (moving target indicator) system for 
differentiating between fixed and moving objects, 
cancelling the former from the viewing screen 
and leaving a clear field for the observation of 
aircraft. The “$232” is the only known airfield 
radar set that uses a crystal-controlled funda- 
mental frequency to produce both the reference 
signal and the frequency stabilisation of the 
transmitted and received signals. This device 
is stated to give a permanent echo suppression 
better than 46 db, compared with a typical 
figure of 30 db for the so-called “ coho-stalo.” 
systems which use a free-running transmitter 


Range markers ... ... ... 
Additional P.P.I. facilities ... 


Power requirements : 
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Fig. 2—The aerial system of the “‘S13” height- 

finder is a waveguide-fed paraboloid which oscillates 

ten times per minute about a horizontal axis and is 
rotated at 10 r.p.m. about a vertical axis 


and various means of achieving coherence 
between the received echo signal and a reference 
signal. Because of the resulting reduction in 
permanent echoes this radar set can locate an 
aircraft at any range between about ? mile and 
100 miles. Since up to eight P.P.I. (plan position 
indicator) displays can normally be used with 
one aerial head, the set can fulfil long and short- 
range functions simultaneously. 

The third point is that the use of crystal control 
enables the set to be switched on and operated 
without requiring any tuning adjustment. 
Similarly, the M.T.I. system is stabilised and 
ready for immediate use. 

The “* $232 ”’ radar installation can be divided 
broadly into two parts: one is known as the 
aerial head and it consists of a small concrete 
building containing the transmitter, the receiver, 
and the drive for the rotating aerial and reflector 
assembly, which is mounted on the roof as 
indicated in Fig. 1 ; the other part includes the 
display equipment and auxiliaries and is installed 
in the operations building. 

The aerial system, consisting of a parabolic 
reflector energised by an off-set horn, is designed 
to give a narrow horizontal beam width, together 
with a very small loss of power in side lobes. 
The vertical cover is approximately 20 deg. A 
thermostatically-controlled heating element is 
incorporated into the back of the horn for de- 
icing purposes. The reflector is an aluminium 
mesh supported on a light alloy framework, the 
whole structure being pivoted so that preset tilt 
may be applied in the vertical plane from — 1 deg. 
to +10-deg. to the horizontal, the horn remaining 
at the reflector focal point at all times during 
tilt. By this tilting facility, the main beam may 
be raised in the vertical plane to alter the vertical 
cover. The horizontal beam width is approxi- 
mately 34 deg. at 3 db down (measured in one 
direction only) and depends on the radio fre- 
quency employed. 

Control of the aerial turning mechanism is 
exercised from the radar office which houses 
the main display consoles, and provides the 
following facilities: continuous rotation of 
the aerial in either direction, at speeds from 4 
to 10 r.p.m. ; sweeping in a reciprocating cycle, 
over an arc of from 10 deg. to 60 deg. either side 
of any preselected mean bearing, at speeds 
of 1/17 to 24 r.p.m.; and manual position- 
laying by means of coarse and fine controls at a 
speed of up to 10 r.p.m. 

In the transmitter a frequency of 5-625 Mc/s 
is generated by a crystal-controlled reference 
oscillator and fed to the transmitter mixer unit. 
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Here it is mixed with a 60 Mc/s c.w. signal and 
the resultant 65-625 Mc/s signal is amplified 
and passed to the first doubler stage. There are 
two further doubler stages, then an intermediate 
amplifier and, finally, the power amplifier. 
The three doublers and the two power amplifiers 


are each pulse-modulated, the pulse duration being 


progressively narrower for each modulated stage 
to ensure a rapid build-up of r.f. amplitude at 
the start of each transmitted pulse, so that the 
time interval between the leading edges of succes- 
sive pulses is very accurately maintained. The 
60 Mc/s signal referred to above is derived from 
a separate unit embodied in the receiver, and 
consists of a crystal oscillator and a number of 
frequency multiplying stages. The crystal fre- 
quency is nominally 10 Mc/s, but up to eleven 
crystals may be selected to enable the transmitter 
to cover a frequency range of 500-610 Mc/s. 
The crystal frequency is multiplied six times to 
provide the 60 Mc/s signal to the transmitter, 
which, when mixed with the 5-625 Mc/s signal, is 
then multiplied up to the final radiated frequency. 
Assuming a fundamental 
frequency of 10 Mc/s 
from this oscillator unit, 
the transmitter output 
frequency is 525 Mc/s 
with an output power of 
50-60kW at a pulse dur- 
ation of 4 microseconds. 
The final transmitted 
pulse length can be set 
either to 2j or 4 micro- 
seconds, either by local 
or remote control. A 
P.R.F. (pulse recurrence 
frequency) of 500-800 
p.p.s. (crystal-con- 
trolled) is used. 

In the receiver the 
echoes reflected from the 
target are picked up by 
the aerial system and 
pass, via a T/R switch 
unit, to the receiver, the 
first stage of which is a 
grounded grid coaxial 
triode r.f. amplifier. This 
stage is followed by a 
triode mixer, where the 
525 Mc/s target signal is 
mixed with a local 
oscillator signal of 480 
Mc/s (the latter also 
being derived from a 
frequency-multiplication 
of the 10 Mc/s crystal 
oscillator described 


above). The resultant can 
45 Mc/s signal is fed 
into an if. head amplifier, the output of 


which is taken by coaxial cable to the radar 
distribution unit in the operations building. 
Part of these i.f. signals are also fed via another 
amplifier in the receiver unit to a 6in “ A” scan 
display monitor unit. 

The radar display equipment in the operations 
building consists of two main parts. The first 
part is the radar distribution unit which receives 
the radar signals from the aerial head, converts 
them to video signals and sends them, with 
locally-generated calibration marks, to the P.P.I. 
display units which make up the other half of 
the display equipment. The P.P.I. display is 
produced on a flat-faced fluoride cathode-ray 
tube with moving-coil operation, and the facilities 
that it provides include off-centring, provision 
for multiple-head working, variable short-time 
constant and electronic azication for use with 
height-finding radar. 

The radar distribution unit also contains the 
cancellation circuits for the moving-target indi- 
cator system. Briefly, their operation is as 
follows: the crystal-controlled 5-625 Mc/s 
reference oscillator provides the fundamental 
stabilising control for the whole equipment. 
One output at this frequency is fed to the trans- 
mitter, as previously described, while a second 
output is frequency-multiplied eight times 
(45 Mc/s) and fed to a “‘ Homodyne ” detector. 
The received (echo) signals, after conversion to 
an intermediate frequency of 45 Mc/s in the 
receiver, are amplified and also passed to the 
““Homodyne.”” This detector is therefore fed 
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with 45 Mc/s from two sources, and its output 
will be proportional to the relative phases of the 
two signals. The phase of the locally produced 
oscillation will be fixed, while the received signal 
will be out-of-phase with it by an amount 
depending on the position of the target. It 
follows, therefore, that the received signal from 
a fixed object will always produce the same 
phase difference with every pulse, but a moving 
object will produce a phase difference which 
varies in amount with every pulse. To deter- 
mine whether an object is moving or not it is 
only necessary to compare the “ Homodyne ” 
output produced by one pulse with that produced 
by the next pulse. A water delay line is used to 
achieve this discrimination, in the following way. 

The output from the “* Homodyne”’ detector 
(virtually video frequency) is used to modulate a 
10 Mc/s crystal-controlled oscillator. The modu- 
lated oscillations are fed to a crystal which is 
mounted at the near end of a water-filled tube. 
They are converted by the crystal to mechanical 
oscillations at supersonic frequency (10 Mc/s) 


a 
% 


Fig. 3—Display showing movement of aircraft on upper and lower runways. 
Four positions of an aircraft produced on successive rotations of the scanner 
be seen near the centre of the lower runway 


and as such travel along the tube, being reflected 
into another tube at the far end. This second 
tube lies parallel to the first, and the mechanical 
oscillations travel down it until they meet a 
crystal at the far end which reconstitutes them 
to electrical oscillations. The length of the. 
tubes is so adjusted that the time taken for a 
pulse to travel from one crystal to the other is 
exactly equal to the time-interval between two 
pulses of the radar transmitter. The temperature 
of the water in the tubes is kept at 72 deg. Cent. 
by thermostat control. The output of the delay 
line is demodulated, and after inversion is 
mixed with demodulated signals which have not 
been delayed. Identical signals are thereby 
cancelled out ; only those signals whose phases 
have changed between successive pulses appearing 
at the output of the mixer. These are rectified 
and fed through a video amplifier to three 
separate cathode followers, thence by coaxial 
cable to the P.P.I. consoles. Uncancelled sig- 
nals are also fed to the consoles so that the 
operators may select either type of signal at 
will. 


SHORT-RANGE SURVEILLANCE RADAR 


To give radar coverage of London Airport and 
its approaches up to a range of 60 nautical miles, 
a Cossor Airfield Control Radar, Mark VI, is 
being installed. Within this range the radar gives 
plan position indication on any number of display 
consoles up to three. On each of these displays 
any one of four range scales (10, 20, 40 or 60 
nautical miles) can be selected independently 
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and the centre of rotation can be offset from { 
centre of the tube by any amount up to the oda 
of the tube. Echo clutter from fixed objects + 
suppressed from the display by M.T.I. citcaits 
leaving only the moving targets over the ful 
range of the set. , 
Because fixed reference marks are desirable 
on a surveillance radar (especially with MT 1) 
a system of video mapping is incorporated “ 
that any desired diagram map can be introduced 
on the display to appear in true relationship 
whatever range or offset is selected. To facilitate 
identification of responses, special circuits are 
included which accept output signals from the 
airfield automatic radio direction-finding system 
and superimpose a radial trace on the display 
to indicate the particular radar response of the 
aircraft that is making the radio transmission 
All the main electronic units are externally seale 
and a built-in air circulation system continuously 
cools and dries the internal air. Special over. 
heating auto-alarm devices are provided; jp 
the event of fire the power supply is switched of 
and fire extinguishers are brought into action, 
while aural and visual warning are given. Meter. 
ing and waveform monitoring facilities are 
incorporated as well as frequency and power 
output measuring instruments, to ensure correct 
setting up and operation with the least difficulty, 
Technical particulars of the equipment are 
given in the accompanying tabular summary : 
Main Particulars of Cossor Mark VI Airfield Contro| 
Radar 


Frequency ... 2960-2980 Mc/s 
Peak power . 450kW 
P.R.F. gael eck 000 40s «tp one 
Pulse width ; ge 0 second approx. 
Maximum range scale ... . nautical miles 
Accuracy : ats 

Azimuth + 1 deg. 

Range ... +1 per cent or + } mile 


whichever greater 
Discrimination : 


Azimuth... ... ... ... 2deg. separation 
| .. «» mile separation 
Scanner rotation 10 or 15r.p.m. 


The Mark VI radar consists of four main parts : 
the scanner, the radar head, the equipment room 
apparatus and the display consoles. The scanner 
consists of the aerial and the drive for rotating it ; 
the radar head contains the modulator and 
transmitter and part of the receiver with the 
associated power supplies and the control, 
ventilation and monitoring equipment. In the 
equipment room there are the rest of the receiver, 
both for normal radar and M.T.I., the timing 
circuits, video mapping, the power supply 
and control equipment, and the ventilation and 
monitoring gear. Each display console contains 
the P.P.I. cathode-ray tube with its e.h.t. supplies, 
together with a sweep amplifier, range marker 
generator and a special cathode-ray d.f. unit. 

To avoid obstruction of the beam and thereby 
to give coverage at minimum range, the scanner 
is normally mounted on a tower so that the pole 
of the reflector is about 20ft above ground level. 
A waveguide connects the scanner to the radar 
head. 

The reflector is an oblique section of a para- 
boloid, the pole being nearer to the bottom of the 
section. It is made of moulded plastics material, 
the reflecting surface being designed to withstand 
distort by heat or cold, water absorption or 
wind forces. The surface is metal sprayed to 
render it conducting, and does not discriminate 
against any particular plane of polarisation, 
so that circular polarising devices for anti-rain 
clutter may be fitted if required. The feed is 
via a waveguide rotating joint to an array of 
twelve horns, the distribution of power being 
such as to give a vertical coverage of the cosecant 
type. The mica windows of the horns are elec- 
trically heated for de-icing purposes by means 
of inconel elements, the necessary power being 
delivered via sliprings and a step-down trans- 
former. 

An all-welded structure of solid drawn steel 
tube carries the reflector and feed. 

An 8 h.p. electric motor with star-delta start- 
ing drives the turntable through a gearbox, 
giving alternative speeds of rotation. High and 
low-speed “ Telesyns” are incorporated which 
provide the necessary information for a scanner 
following unit in the equipment room to follow 
the rotation with great accuracy. A North- 
marker switch is provided, and a red obstruction 
lamp. 

Additional aerial gear, such as secondary radar 
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Fig. 4—Scanner and radar head of airfield surface movement indicator at 
London Airport. The input arrangements to the transmitting and receiving 
zones of the scanner can be seen 


or LF.F. can be fitted and provision is made for 
the necessary extra sliprings and brushgear. 

The radar head consists of apparatus contained 
in four steel cubicles. Three of these cubicles 
(.f, modulator and power supply) are mounted 
on rollers running in floor rails, They can be 
released from the air trunking and electrical 
connections at the back and drawn forward to 
give access for maintenance. The fourth cubicle 
contains the control apparatus and it is fixed. 

The equipment room contains five fixed 
cubicles from which the electronic equipment can 
be withdrawn whilst still functioning, on to a 
special servicing tray which fits into position on 
any cubicle. 


RADAR HEIGHTFINDER 


Information about the height of aircraft flying 
within the range of London radar will be given 
to the controllers by a Marconi “‘ $13” radar 
heightfinder used in conjunction with other 
radars. The “S13” set is a high-power, long- 
range set operating in the 10cm band. 

The principle upon which this set operates is 
that the radio energy from the aerial system is 
transmitted in the form of a narrow beam | deg. 
wide vertically and approximately 5 deg. wide 
horizontally. This beam is tilted up and down 
vertically ten times per minute and thus scans an 
area of sky 5 deg. wide. When an aircraft has 
been located on the plan position (P.P.I.) display 
associated with one of the azimuth search radars, 
the aerial system of the heightfinder is rotated 
by remote control so that the aircraft is scanned 
by the radiated beam. When the beam crosses 
the aircraft the received echo causes a spot of 











Brief Specification of Marconi “* S13” Heightfinder 


Frequency nS fe 3000 Mc/s (nominal) 

eee 0-6 or 1-9 microseconds 

Pulse recurrence frequency 500 p.p.s or 250 p.p.s 

Peak power output bot 500k W (approx.) 

Receiver noise factor .. 9-10-S5db 

ad | err FS 

Receiver band width ... ... 3:5 Mc/sor1 Mc/s 

Maximum range ... ... ... 150 nautical miles (270 km) 

(dependent upon target size) 

~— 1 deg. to + 25 deg. 

+500ft (150m) at 50 nautical 
miles range (approx.) 


Elevation 
Accuracy ... 


Beam width : 
Vertical 


cs . Ideg. 
Horizontal ... 4-5 deg. (for 6 db attenuation on 


either side 
Power consumption ces vee = 12K W (approx.) 
Power supplies... rai 230V, 50 c/s, three phase (delta 


connected), a.c. 230V, 50 c/s, 


single phase, a.c. 


light to appear on the cathode-ray tube display 
at the position appropriate to its altitude, and 
the necessary height information is then passed 
by the height-reading operator to the radar con- 
troller at the P.P.I. 

The heightfinder consists of an aerial head 
comprising an aerial system with its associated 
turning equipment together with a modulator, 
transmitter and receiver. The aerial system, 
Which is mounted on the roof of a concrete 
building (Fig. 2) can be rotated horizontally at 
Speeds up to 10 r.p.m., while the reflector and 
waveguide feed tilt ten times per minute in a 
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vertical plane. Both transmitter and receiver are 
installed in the concrete building and the signals 
are fed by cables to the display equipment in 
the operations building. 

The set operates on a wavelength of 10cm, at 
which ground reflections are not troublesome. 
The high-power transmitter is modulated by a 
7kV pulse of short duration (0-6 or 1-9 micro- 
seconds) produced by a modulator unit with a 
pulse recurrence frequency of either 500 or 250 
per second (nominal). Received signals are 
passed at video frequency to a display console, 
situated in the operations room, which employs 
an elevation-scan type of display to indicate air- 
craft heights. 

The aerial system consists of a slotted wave- 
guide positioned along the focal line of a vertical 
paraboloid reflector. Radiation takes place 
from the slots, which are so arranged that a 
narrow beam is produced in the plane of the 
waveguide. A ‘“‘Perspex”’ cover protects the slotted 
section. Condensation is prevented by means of 
an air drier system. The reflector is made to 
oscillate in the vertical plane such that the 
radiated beam scans a vertical angle between 
—1 deg. and +25 deg. to the horizontal, ten 
times per minute. An automatic switch ensures 
that when the motor is switched off the reflector 
always comes to rest at its lowest position. 

A direct presentation of the range and height 
of the aircraft is given in the form of an elevation- 
scan display on the cathode-ray tube. The target 
is indicated by a bright spot on the tube face, 
with a long after-glow. The trace pivots about 
a point at the bottom left-hand side of the tube 
face and tilts up and down in synchronism 
with the aerial system. The height of the target 
can be read off directly from the constant- 
height curves marked on the face of the tube. 


RADAR FOR AIRFIELD SURFACE MOVEMENT 
INDICATION 


As mentioned last week, ground movement 
control will be facilitated (particularly when 
visibility is bad) by the use of a millimetric radar 
set, which is known as an airfield surface move- 
ment indicator (A.S.M.I.). This equipment 
operates in the 8mm waveband (34,000 Mc/s) 
which enables it to produce a P.P.I. display 
image of the airport with a clarity and detail 
that would be beyond the scope of equipments 
using the conventional 10cm and 3cm wavebands. 
On this display (Fig. 3) all traffic, whether moving 
or stationary, on the runways or perimeter can 
be plotted. London Airport is believed to be the 
first airport in the world to be equipped with 
millimetric radar as a permanent installation 
for aircraft surface movement indication. The 
equipment is known as Q-band radar, and it 
was designed and made by Decca Radar, Ltd., 
1-3, Brixton Road, London, S.W.9. 

The scanner (Fig. 4), consists of a rotating 
double “‘ cheese’ system, with separate zones 
for transmitting and receiving ; it is mounted on 





Fig. 5—Part of the air traffic control room at London Airport showing the 
surface movement radar display unit. 


The mimic diagram desk on the 
right is a separate equipment 


a short mast at the top of the 120ft control tower, 
whence it commands an uninterrupted radar 
view of all the runways and associated taxi 
tracks. There are two 12in diameter display 
units in the main air traffic control room ; one 
display (Fig. 5) is for use by a ground move- 
ments control officer, who shares it with a 
lighting and route control officer; the other 
display is for use in conjunction with the stan- 
dard navigational aids for monitoring take-offs 
and checking out-bound traffic. It is proposed 
to extend the A.S.M.I. facility at a later date by 
installing a third display in the approach control 
room, to work in conjunction with the G.C.A. 
and other landing aids. 

Immediately below the scanner (Fig. 4) there 
is a cast housing, which contains the radar head, 
consisting of a magnetron, klystron and power 
pack and a modulator, mixer and pre-amplifier. 
The scanner and radar head are rotated as a 
single unit at 20/24 r.p.m. by a geared motor. 


Main Particulars of Millimetric Radar for Airfield 
Surface Movement Indication 
Within 8-69 mm-8 -83mm 


Double 6ft “‘ cheese ”’ 

About 23 min. At half 

About 14 deg. power points 

On inner lobes about 20 db 
down on main beam ; outer 
side lobe better than 26 db 


Frequency band 
Aerial system : 
Reflectors we 
Horizontal beam 
Vertical beam 
Side lobes... 


Pulse characteristics : 


Pulse generator ... Triggered hard-valve modulator 


Peak power 12kW-14kW 
Duration 0-05 microsecond 
Recurrence ... About 4000 per second 
Range : 
Discrimination About 30ft 
Accuracy : 
Range marker ... Within 2 per cent 
Range rings Within 1 per cent 
Minimum range ... Down to few yards 
SEMRGB ce cee 0-5 mile, 1 mile, 3 and 10 miles 
Bearing : 


About 25 min, measured at 


1500 yards 


Discrimination 


Accuracy +0-5 deg. 


The receiver, which contains the v.f. and if. 
amplifiers, is arranged for wall mounting and, 
since it contains no operational controls, it can 
be fitted in an out-of-the-way position. Both 
linear and logarithmic characteristics are embo- 
died in the i.f. amplifiers and they can be switched 
into circuit remotely from the operational 
display. The logarithmic receiver, the anti-clutter 
circuits and the fast-time-constant, offer means 
of suppressing interference from rain and snow. 

The display (Fig. -5) is produced on a 12in 
diameter fluoride cathode-ray tube, which has 
a long after-glow characteristic. A cowl is fitted 
to obtain optimum presentation of the display 
under high intensity room lighting conditions. 
In addition to the normal display controls, there 
are facilities for line/logarithmic i.f. switching, 
fast-time-constant, and anti-clutter control. ‘ A 
directly-calibrated range stroke marker is fitted. 
The bearing scale is illuminated and calibrated 
in degrees and the cursor is rotated manually. 

Power for the radar set (about 2kW) is 
obtained from a motor alternator generating 
at 80V, 1000 c/s, with a voltage control panel. 

( To be continued) 
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French Electric Locomotive Trials at 
205 m.p.h. 


= of 205-6 m.p.h. are stated to have been 
reached by two French electric locomotives 
during high-speed trial runs towards the end of 
last month. These runs were made separately by 
locomotives “* CC7107 ” and “* BB9004,” hauling 
three-carriage trains of a total weight of 100 tons, 
on the 1500V d.c. electrified line between Bordeaux 
and Dax. In the 41-mile stretch between Fac- 
ture and Morcenx there is a straight level section, 
Lainothe-Morcenx, of 21 miles, over which the 
maximum speed was attained. 

Reference to locomotives of these two classes 
was made in a recent article in these columns.* 
We may recall that the “ CC7107,” built by the 
Société Alsthom, is of the same class as the 
“CC7121,” which, on February 21, 1954, 
reached between Dijon and Beaune the previous 
world rail record speed of 151 m.p.h., also hauling 
three carriages. It is mounted on two bogies, 
each with three driving axles. The continuous 
rating is 4300 h.p. and the one-hour rating 
4700 h.p. Locomotives of this class, of which 
there are sixty in service, haul the “‘ Mistral ”’ 
express daily between Paris and Lyon at an 
average speed of over 76 m.p.h., which is also a 
world record over that distance for a passenger 
train in regular service. 

The ‘‘ BB9004 ” locomotive, built in 1953 for 
the same purpose by the Société de Matériel de 
Traction Electrique (a group of three firms, 
Le Creusot, Schneider-Westinghouse and Jeu- 
mont), is lighter and weighs only 81 tons. It is 
also slightly less powerful than the ** CC7107,” 
with a continuous rating of 4000 h.p. and a one- 
hour rating of 4400 h.p. It is the latest type of 
1500V d.c. electric locomotive ordered by the 
French Railways for hauling trains at high 
speeds. 

The main objects of these two record-breaking 
trials were to ascertain the capabilities of this 
new “ BB9004” locomotive, to compare it at 
very high speeds with the “ CC7107,” to test 
them both at a speed in excess of the previous 
record of 151 m.p.h., and to study the behaviour 
of the carriages, track and overhead contact 
wire at very high speeds. For this purpose the 
transmission system of both was modified so as 
to raise the gear ratio to achieve speeds in the 
neighbourhood of 185 m.p.h. On the basis that 
4000 h.p. was sufficient for a speed of 151 m.p.h., 
it was calculated that over 10,000 h.p. would be 
required for 185 m.p.h. To reinforce the current- 





* “Improvements in Direct Current Traction in France,” 
by B. K. Cooper. February 11, 1955. 





Test train hauled by locomotive CC7107 during speed trial on March 28th. 


The continuous rating is 4300 h.p. (106 tons all-up weight). 


carrying capacity of the overhead system, mobile 
substations connected to the national grid system 
were provided at intervals along the line. The 
picking-up of a current of 4000A at the speeds 
envisaged made necessary the designing of a 
special pantograph. Tests had to be made in a 
wind tunnel to study the effects of an air current 
of 185 m.p.h. on the pressure of the pantograph 
against the traction wire. Locomotives and 
carriages were fitted with solid ‘*‘ monobloc”’ 
wheels so as to avoid the effects of centrifugal 
force and of braking on the normal steel-tyred 
wheel. 

All parts which had to rotate at high speeds 
were tested, as a precautionary measure, in 
workshop pits where they were subjected to 
rotary speeds equivalent to 280 m.p.h. 

For controlling the trial runs, a two-way 
radio link was provided between a control post 
and the driver’s cab on the locomotives. The 
runs took place as scheduled on the morning of 
March 28th (locomotive ** CC7107 ”’) and on the 
morning of the 29th (locomotive “* BB9004 ”’). 
A speed of 185 m.p.h. was reached after travelling 
13 miles. The two locomotives travelled at over 
185 m.p.h. for 74 miles and at over 199 m.p.h. 
for nearly 4 miles. The speed of 205-6 m.p.h. 
was maintained over nearly 14 miles. We learn 
that the maximum speed was specifically limited 
by the fact that it was necessary to enter the 
straight stretch at not more than 125 m.p.h. and 
to leave it at not more than 75 m.p.h. The power 
reached exceeded the estimated figure, and at the 
maximum speed the locomotives were using 
12,000 h.p. Their stability as measured by 
accelerometers was very satisfactory. 


Locomotive “* CC7107 ” 


This locomotive (shown in our first illustra- 
tion) is one of sixty built by the Société Alsthom 
and put into service since 1949 ; it is designed to 
haul heavy high-speed express trains and light 
trains at very high speeds. It is made up from 
a single body resting on two free bogies, each 
with three motored axles, the whole weight being 
available for adhesion. The main characteristics 
of this design are as follows: total weight in 
running order, 106 tons; continuous rating 
(at 1500V), 4300 h.p. ; one-hour rating, 4700 h.p. 

The bogie chassis is of tubular construction 
with welded plates. One innovation in this 
locomotive is that the body rests on each bogie 
through two oscillating pivots, with double 
articulation, and equipped with rubber cones. 


At 205 m.p.h., 


the output developed was about 12,000 h.p. 
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These two pivots act on the centres ; 


verse members interposed between the tae 
motors. Being coupled transversely to the home 
by elastic coupling rods, these two pivots a. 
always returned to their mean vert ic,] Position 
The seating arrangements for holding the oo 
on each bogie are completed by jour lateral 
balancing members. The body, wh’: is inte r 
with the chassis, is made up of \\ded Mo 
Sheets. In the central portion betwen the driyi 
cab at each end there are two late»! corridor 
and a closed central portion for :!:¢ electrical 
equipment and the auxiliary gear. 

_ Motive power is provided by s * TA621,” 
six-pole traction motors wound for ‘ 75V, which 
are provided with commutation p ‘les and a 
compensation winding. Control ©: the loco- 
motive is carried out by means «! two low 
voltage controllers, situated in the ©: iving cabs 
providing remote control of the grouj). of electro. 
pneumatic contactors for cutting out of the 
starting resistances, series parallel connection 
of the motors and field strength reduction 


stages. 

The 1500V circuits are protected by means of 
an Alsthom “ JRT” high-speed circuit breaker 

To facilitate inspection and maintenance, the 
various electrical equipment items have been 
assembled in groups, as follows: a central 
group comprising the starting resistances, the 
line contactors and starting contactors, the 
coupling switches and the various main relays ; 
and two motor groups, each including a reverser, 
isolating equipment and the contactors and 
shunting resistances for the three traction motors 
on each bogie. 

These groups are easily detachable and may be 
removed from the locomotive through the roof, 
The connections to their low voltage circuits and 
to the control circuits are carried out by means 
of multiple couplers. Interlocks prevent access 
to the high voltage equipment except when the 
locomotive is isolated from the contact lines. 


Locomotive ** BB9004 ”’ 


The prototype electric locomotive “* BB9004” 
was built in 1953 by the Société de Matériel de 
Traction Electrique, is entirely of French design 
and construction and presents few points of 
similarity with types such as the 2-D-2 and the 
CC locomotives hitherto built for the haulage 
of heavy passenger trains at high speeds. Novel 
methods were used for supporting the weight 
of the body on the bogies and transmitting the 
power of the motors to the driving wheels.t 

It has total adhesion with a one-piece, all- 
welded body mounted on two bogies each of two 
axles 

The four-pole, non-compensated _ traction 
motors built by Schneider-Westinghouse are 





t Loc. cit. 





Locomotive BB9004 during speed trial on March 29th. The continuous 
rating is 4320 h.p. (81 tons all-up weight) and about 12,000 h.p. was 
developed at 205 m.p.h. 
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entirely suspended at the centre of the bogie 
frames (there are no bogie pivots in the ordinary 
nse). They transmit their power to the axles 
py means of a cardan shaft coupled to one of the 
iriving Wheels. They can be coupled in series- 
parallel and in parallel. The locomotive has 
forty-two starting notches (twenty-three in series- 
parallel and nineteen in parallel), together with 
en weak-ficld notches in each grouping, only 

There are 


jye of which are running notches. a 
iwelve economical running notches with 
maximum field. Starting 1s effected by variation 
of resistances placed in series with the motors. 
The principal characteristics are as follows :— 
well . Jee Fe seis ae 53ft 6in 
Law aes bogie cemtres on sce see one 30ft Jin 
Length between axle centres wan . 10ft 6in 
Diameter of w ER eee ae ee 4ft 4in 
Horsepower at 1500V : poe 
i us ratin) . 
Continuous rating peony 


One-hour rating re poe = 
The all-welded bogie frames are supported 
py means of coil springs on two longitudinal 
equalising beams directly linked to the axle- 
boxes on the same side by means of large Silent- 





bloc mountings. Lateral movement of the axles 
is not controlled by the axleboxes, but by the 
transmission system which operates by means of a 
hollow cardan shaft surrounding the axle, pro- 
vided with Silentblocs, the articulations on the 
axle allowing slight lateral movement with initial 
tension. 

The traction motors, fixed side by side to the 
bogie frame, can be coupled by a toothed wheel 
meshing with the pinions ; the latter drive the 
resilient main gear wheel of the transmission 
ystem, which is mounted on a roller-bearing 
pivot, through an intermediate gear wheel. The 
whole gear trains run in longitudinal gear cases 
which are integral with the bogie frames. 

The body is all-welded, but the upper side 
panels and the centre roof sections can be quickly 
dismantled so as to facilitate inspection and 
maintenance. The weight of the body is carried 
on the bogies through a bilateral pendulum type 
suspension system with laminated springs which 
minimise rolling, and with “ anti-nosing” 
friction bolsters. Tractive effort is transmitted 
longitudinally to the body through traction 
drawbars, which can be dismantled, and which 
are mounted underneath the bogies so as to 
minimise ‘“‘ hunting.” These drawbars are 
mounted on a shock-absorbing device which 
transfers exceptional tractive efforts on to thrust 
blocks mounted above the bogies. 

Inside the body between the driving cabs is a 
large central compartment housing the high- 
tension equipment and the auxiliaries with 
passageways each side. The high-tension equip- 
ment is interlocked to prevent access until the 
locomotive has been isolated from the traction 
current supply. 





Impact Rock Breaking Machine 


THE operation of a machine now being made 
by British Jeffrey-Diamond, Ltd., Wakefield, for 
reducing hard friable material from 36in down to 
90 per cent below 14in in one stage, can be seen 
in the illustration above. This rock buster, as it 
is known, is available in two sizes with capacities 
from 65 to 220 tons per hour and 90 to 300 tons 
per hour. 

The machine has a heavy steel plate frame in 
the lower part of which is a balanced rotor built 
up of laminated sections of Sin thick slab steel 
discs. Manganese steel hammers aie securely 
fastened on the rotor, the shaft of which is 
carried on heavy-duty anti-friction bearings. 

Material fed into the crusher passes a curtain 
of chains and gravitates down a grizzly through 
which is removed a large portion of the fines. 
At the bottom of the grizzly the larger blocks 
of material come into contact with the rotor 
hammers, which break off pieces and fling them 
against rods at the top of the crusher with suffi- 
cient force to reduce the size still further. Pieces 
of rock to the size required pass through the 
Spaces between the rods across the top and front 
of the machine and fall to the bottom or discharge 
point. Larger pieces of material which require 
further reduction rebound back towards the 
rotor and are broken down by other pieces 
thrown by the rotor and moving in the opposite 
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Operation of rock breaker designed to reduce 36in 
material to less than 114in in one stage 


direction. Final reduction of large pieces takes 
place between cast manganese steel rings, carried 
on two shafts arranged to form a shelf across 
the width of the machine, and the periphery of 
the impact hammers on the rotor. 

It will be appreciated that the size of the final 
product can be controlled by any or all of three 
adjustments—the speed of the rotor, the spacing 
of the rods, or by the setting of the shelf formed 
by the shafts carrying the rings in front of the 
rotor. The distance between these shafts and 
the rotor is adjusted by a large lever on the outside 
of the machine. At each of its settings the lever 
is held by a shear pin which protects the mech- 
anism frem damage in the event of tramp iron 
entering with the rock. The shearing of this 
pin as a result of undue loading opens the gap 
between the shelf and the rotor to release the 
iron into the discharge. 





Portable Electric Grinders for 
Disc Wheels 


A PHOTOGRAPH we reproduce below shows a 
new portable electric grinding machine made by 
Wolf Electric Tools, Ltd., Hanger Lane, London, 
W.5, for use with depressed centre, reinforced 
grinding disc wheels. This form of resin-bonded 
wheel is designed for metal trimming, cutting-off, 
fettling, &c., and the edge only is used. The 
new machines are made in two sizes to take 7in 
and 9in diameter disc wheels, and each model 
is fitted with a universal motor having a con- 





Portable electric grinder for 7in disc wheels having a spindle Speed 
of 8000 r.p.m. 


tinuous rating of 1-5 b.h.p. The balanced arma- 
tures of the motors as well as the gears and 
spindles are mounted on ball and needle roller 
bearings, which are double sealed to retain grease 
and prevent the ingress of dust. 

The 7in machine has a spindle speed of 8000 
r.p.m. and the 9in machine a spindle speed of 


485 





6000 r.p.m., which are the requisite operating 
speeds to give the maximum disc performance 
and disc life. Discs from fin to #in thick can 
be mounted in the machines, although the 
standard disc fitted by the makers is }in thick 
and is considered to suit all general requirements 
when working with steel, iron and non-ferrous 
metals. To widen the range of application of the 
machines high-speed backing pads can be supplied 
for use with silicon carbide and aluminous oxide 
fibre backed sanding discs. 

A spring-loaded spindle locking plunger can 
be used when mounting discs and a pressed steel 


‘guard extending round half of the circumference 


protects the operator. 





Behaviour of 0° 276in Diameter Wire 
in Pretensioned Concrete Beams 


THE advantage of using fewer wires in making 
the larger pretensioned, prestressed beams 
induced the civil engineer’s department, British 
Railways, Eastern Region, to carry out tests 
to investigate the applicability of smooth wire 
of 0-276in diameter for pretensioning. A first 
series of tests was carried out in the summer of 
1952, as reported briefly in the supplement of 
Cli2, ‘“*The Use of High-Strength steel in 
Ordinary Reinforced and Prestressed Concrete 
Beams,” which appeared in the final report 
(1953) of the Fourth Congress, Cambridge, of 
the International Association for Bridge and 
Structural Engineering. These static tests of 
1952 already proved the suitability from the 
point of view of bend, of smooth 0-276in wire 
for pretensioning, with high-strength concrete. 
In 1953-54 further static and fatigue tests were 
carried out. 

Whilst static tests showed already the suit- 
ability of pretensioned 0-276in bonded wire, 
fatigue tests carried out in the summer of 1954 
indicated the extraordinary resistance of such 
prestressed beams, the Eastern Region states. 
All the beams had a length of 15ft 6in and to two 
beams 1,000,000 repetitions of loading were 
applied between loads corresponding to a com- 
pressive stress of 10 lb per square inch and a 
nominal tensile stress of 600 lb per square inch. 
Previously the beams were deliberately loaded 
until cracks had developed. On removal of the 
load the fine cracks became invisible after com- 
pletion of the fatigue tests. In subsequent static 
tests the wires fractured under the maximum 
calculated load. In one further test 1,000,000 
repetitions were carried out as before, but in a 
non-cracked state. Afterwards, nearly 9,000,000 
repetitions were applied in a cracked state. The 
lower limit loading corresponded to a compressive 
stress of 270 1b per square inch, and the upper 
limit to a nominal tensile stress gradually increas- 
ing from 650 Ib to 1270 lb per square inch when 
the load corresponded to two-thirds of that at 
which the maximum was obtained in a static 
loading test by fracture 
of the wire. The cracks 
became invisible at zero 
stress upto and including 
the 8,000,000th repeti- 
tion. A detailed report 
of these tests will be 
published later by the 
Commission. Thus these 
tests have conclusively 
proved, it is stated, the 
suitability of 0-276in 
wire for pretensioning, 
save only for qualifica- 
tions about single un- 
tensioned wires (twisted 
wires in pairs are ex- 
pected to be satisfactory, 
but it has not been con- 
clusively proved), and 
suitable minimum 
spacing. 

The tests specimens 
were made by Anglian 
Building Products, Ltd., who undertook the static 
tests at its works. Johnson and Nephew, Ltd., 
supplied the wire. The arrangements were all 
made under the direction of Mr. J. I. Campbell, 
M.I.C.E., chief civil engineer, British Railways, 
Eastern Region, in conjunction with the Rail- 
way Research Department, Derby. 
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s, “Timmerman’’-—An Advanced 
S.5- - 4 

Design Destroyer 

By COMMANDER D. G. PHILLIPS, U.S.N.t 


U.S. Navy’s Bureau of Ships has under- 
en from time to time to procure and evaluate 
i that have experimental machinery installa- 
vf The most recent and far-reaching of these 
Menakings was the design and development 
Ne USS. “Timmerman” (“AG 152”). 
he decision was made to build an advanced 
jsign destroyer whose main feature was a 
100,000 s.h.p. machinery plant of equal or less 
eight and space than the 60,000 s.h.p. plant 
y the “DD 692” class—World War I— 
T. 

ae Timmerman ” is presently undergoing 
waluation trials which are as yet inconclusive. 
mis paper constitutes a summary report based 
on the accomplishments to date, and is divided 
into four main sections: design objectives ; 
mchinery and hull features; progress and 
operational experience ; trial programme. 













’ 








DESIGN OBJECTIVES 


in order to attain a 100,000 s.h.p. machinery 
igtallation which could replace a 60,000 s.h.p. 
plant, the following items were considered :— 

reduction of design margins ; elimination of 
the pyramiding of design margins ; reduction 
in factors of safety; use of higher rotative 

: use of higher voltage and frequency ; 
ue of better materials, taking into consideration 
critical materials which present a bottleneck 
during emergencies. 

The circular of machinery design requirements 
for the “ Timmerman ” was prepared, based on 
the following general concepts :— 

Except for shockproofness the technical 
portions of the general specifications were not 
to be applicable ; machinery features were to 
be open to any new developments or designs 
kading to advancements in economy, space 
or weight, commensurate with reliability ; 
guarantees were to be required only on work- 
manship and material, failure to meet perform- 
ance requirements was not to penalise the ship- 
builder or any sub-contractor ; machinery life 
expectancy was specified. 

The contract set forth the following general 

characteristics of the machinery plant :— 


|... Sra re 
eee 

Ship’s maximum speed Sag ... Not less than 40 knots 
Shaft revolutions per minute About 350 


Not less than 750 Ib per 


Steam drum pressure ... ] 
square inch gauge 


Steam temperature at outlets of super- 
heaters... nue nee cee cee eee ©NOt less than 1,025 deg. 


‘ah. 
Not less than 700 Ib per 


Steam pressure at superheater outlets... ; 
square inch gauge 


Steam pressure at main turbine control 
valve a Net eRaT NeW’ Wena! > one 


Not less than 650 Ib per 
square inch gauge 
Steam temperature at main turbine 


control valve Not less than 1,000 deg. 
Fah. 


Shaft horsepower astern... ... ... 8, 
Ship’s spee for best economy 
operating split plant... . «+ « 20 knots 


MACHINERY AND HULL FEATURES 


It was decided to use 875 lb per square inch, 
1050 deg. Fah. steam for the starboard plant 
and 2000 1b per square inch, 1050 deg. Fah. 
steam for the port plant. It was anticipated 
that the optimum plant for naval use would 
employ steam condition somewhere between the 
two selected for the “‘ Timmerman.” 

The design of the main steam piping system 
presented numerous problems incidental to 
factors such as steam pressure and temperature, 
thermal shock and weight. There was no informa- 
tion available on piping systems where tempera- 
tures of 1050 deg. Fah. had been employed and 
which were subjected to the number of complete 
heating and cooling cycles encountered in ship- 
board plants. It was anticipated that during 
the life of the vessel the main steam system would 
be subjected to a maximum of 4000 heating and 
cooling cycles. It was believed that stresses 
higher than the A.S.M.E. code allowed could be 
used to obtain thinner pipe walls. This would 
reduce thermal shock, increase flexibility and 
decrease the weight of the system. The piping 





* Abstract of paper ‘‘ U.S.S. ‘ Timmerman ’—An Advanced 





ss Destroyer.’’ Institute of Marine Engineers, March 29, 
t Project Officer, U.S.S. “‘ Timmerman,’’ Bureau of Ships, 


Washington, D.C., U.S.A. 
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materials installed in the ship as a result of tests 

















were in conformance with the following 
specifications :— 
| Ferritic Austenitic 
(875 Ib per (2,000 Ib per 
| sq in system) sq in system) 
a ee 0-14 0-08 
DOOOORUNR ons ne ose 0:33-0:57 | 2-00 
re 0-025 | 0-03 
Sulphur Leip poe 0-025 | 0-03 
Silicon oe ead | 406) Sent andl 0-45 0-75 
| LS eee — | 9-00-13-00 
Chromium ares me 17-00-20-00 
Molybdenum ... ... ... .. 0-90-1-10 o 
EE ond, aca eee. 9st —- Stabilised (not 
more than 0-8) 
Tensile strength and eee even 60,000 75,000 
pc * | 30,000 





An effort was made to make the piping system 
as simple as possible by employing the maximum 
number of welded joints. Austenitic steel was 
found to be suitable for welding, using either 
gas or arc welds. This was not true of ferritic 
steels. The most serious welding problem 
involved joining dissimilar metals, and tests 
indicated that satisfactory transition welds could 
not be made, thus necessitating the use of mech- 
anical joints between the dissimilar materials. 

The Rankine cycle was selected for both 
plants. Previous naval experience with reheat 
boilers indicated that there was little to be gained 
by going to a reheat cycle in this application. 
Studies were made in connection with bleeding 
steam from the main turbine crossover connec- 
tion, but no serious consideration was given to 
utilising a regenerative cycle. 

The machinery arrangement is shown in Fig. 1. 

Starboard Propulsion Plant.—The starboard 
machinery installation utilises two single-furnace, 
single-uptake, natural-circulation boilers, capable 
of delivering 170,000 lb of steam per hour at 
875 lb per square inch and 1050 deg. Fah. Fuel 
oil at 350 1b per square inch is supplied to the 
boiler through seven mechanical atomisers. 
Automatic combustion and automatic feed 
water controls are provided. 

The superheater outlet temperature is a func- 
tion of the boiler firing rate, with no separate 
superheat control provided. Between the firing 
rates for cruising and full power, the superheater 
outlet temperature varies between about 950 deg. 
and 1050 deg. Fah. The 875 lb per square inch 
boilers weigh approximately 100,000 Ib each. 
Table I gives some of the significant data on these 
units : 











TABLE I 
Boiler Boiler 
1A 1B 
Operating pressure, pounds per square inch 875 875 
— temperature, full power, deg. 1,050 1,050 
ah. 
Economiser inlet temperature, deg Fah. 240 250 
Economiser outlet temperature, deg. Fah. 450 387 
Total generating surface, square feet 3,332 3,370 
Superheater surface, square feet 959 1,303 
Economiser surface, square feet 1,994 2,690 
PO PIN ak sake, San. eee. She Lane 390 491 
Rate of combustion, pounds of oil per 
hour : 
COREE 15,700 15,020 
20 per cent overload ... 20,020 18,600 








The main propulsion unit consists of cruising, 
high-pressure and low-pressure turbines in three 
casings with full power ratings of 50,000 s.h.p. 
ahead and 4000 s.h.p. astern. Steam inlet con- 
ditions are 815 lb per square inch, 1040 deg. Fah., 
with the low-pressure turbine exhausting to the 
condenser having a 25in Hg. vacuum. . The 
cruising and high-pressure turbines are con- 
nected in tandem without a reduction gear. 
The series-parallel arrangement is used, with 
all steam being admitted to the cruising turbine 
up to about 25 knots. Above the cruising range, 
part of the steam is admitted to the cruising 
turbine and part to the high-pressure turbine. 
At maximum cruising condition, the cruising 
turbine delivers 3500 s.h.p. and at full power it 
delivers 9000 s.h.p. The engine combination has 
a turbine efficiency at full power about 3 per 
cent higher than World War II destroyer turbines. 
Turbines, valves and accessories weigh a total 
of approximately 46,000 Ib, or 0-92 lb per shaft 
horsepower. The materials used in this turbine 
are as follows :— 

Principal alloying element(s) 
2-5 chromium, | molybdenum 
1 chromium, 1 molybdenum, 


2 nickel, 0-25 vanadium 
Turbine blades ... ... ... «.. 13 chromium 


_ Part 
Turbine casing and steam chest... 
pi ee ee eee 
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Table II gives some of the more significant 
bearing data on these turbines at full power : 











TABLE IT 
| 

| Speed, Unit pressure, 

| ft per sec | Ib per sq in 
Cruising journal, forward... ... 131 | 115 
Cruising journal, aft ... ... ... 152 | 160 
H.P. journal, forward... ... ...| 152 | 277 
8 Sea 174 | 267 
LP soured, Got kk. ae ease 246 | 165 
H.P. pinion journal, both... ...| 216 | 307 
L.P. pinion journal, both ..._ ... 231 321 
Gear journal, both ... ... ... 63 | 261 





Some of the features of this.turbine design 
are as follows :—Tip speed of the last stage 
blading in the low-pressure turbine is 1410ft 
per second; the cruising turbine utilises axial 
entry blade roots ; the first stage of the high- 
pressure turbine is composed of a number of 
packs of welded blade assemblies, three blades 
to a pack ; pivoted shoe bearings (four shoes per 
bearing) are utilised on both ends of the cruising 
and the high-pressure turbines. 

In this turbine arrangement, the condenser is 
suspended from the low-pressure turbine girder. 
The high-pressure and low-pressure turbines 
are connected through a single reduction gear 
to the high-speed line shafting. The first reduc- 
tion gear weighs a total of 9000 lb and has gear 
elements made of through-hardened alloy steel. 
Some of the principal data on this gear is given 
in the following table :— 




















H.P. pinion | L.P. pinion 
Shaft horsepower ... 19,000 31,000 
Reduction ratio ... ... ... 5-49 4-18 
Tooth pressure (total), pounds 20,400 33,400 
Tooth pressure per inch face... ...| 2,270 3,720 
Tooth pressure per inch face per 191 238 
inch diameter 

TE cae aac ohn: sen * Rican 226 297 

P R+1 

* = —_— 

~~ 


P=tangential tooth pressure, pounds. 

D,=pitch diameter of pinion, inches. 
L=total width of active face, inches. 
R=speed ratio. 

The first reduction gear input speeds are 
approximately 10,000 r.p.m. on the high-pressure 
side and 7500 r.p.m. on the low-pressure side at 
full power. The output speed is 1800 r.p.m., 
thus permitting the use of 74in diameter shafting 
between the first and second reduction gear, a 
span of 72ft. This high-speed shafting is sup- 
ported by seven trunnion roller bearings. A 
planetary gear is used for the second reduction 
gear that has an output speed of 350 r.p.m. This 
planetary gear is a single-reduction, double-helix 
unit weighing approximately 21,000 lb. Through- 
hardened alloy steel conforming to the following 
specifications is used in the sun and planet gears : 


Carbon ... 0-38-0-43 

Manganese MR nan See” rece -80 

| Eee ee 

Sulphur ... EE 

Silicon 0-20-0-35 

Nickel 1-65-2-00 

Chromium ... 0-70-0-90 

Molybdenum... co cee cee §60°20-0-30 

Principal data on this gear is as follows :— 

Shaft horsepower . 50,000 
ee ne ne 5-1892 
Speed of sun pinion, revolutions per minute... 1,816 


Speed of planet gear about its own axis, revolutions per 
aS RARE eae eae. 
Speed of output shaft and planet carrier, revolutions per 


eR Pets eae Ter 350 
Pitch diameter of sun pinion, inches 14-8 
Pitch diameter of planet gear, inches 23-6 
Pitch diameter of fixed ring gear, inches... 62-0 
Number of teeth in sun pinion... sete. | sae at Soak a 
Number of teeth in planet gear te! eb il ae es ee 
Number of teeth in ring gear ... ... 0... wee cee vee 155 
Face width of each helix, inches ... ... ... .. ws S$ 
Total combined face width, inches ... ... ... 0... «+. 12} 
Diametrical pitch I ee meme = 
Fielin GRGNG, GUNEOUR once aes ces ace see ee DD 
K factor atsun pinion mesh, maximum... ... ... ..- = 


K factor at ring gear mesh 5 a 


The starboard outboard shafting is supported 
by sealed anti-friction bearings, lubricated 
through the struts by gravity oil tanks, located 
in an after-ship’s compartment. 

Port Propulsion Plant.—This machinery com- 
bination consists of two single-furnace, single- 
uptake, controlled-circulation boilers, capable 
of deliveririg 160,000 1b of steam per hour at 
2000 Ib per square inch and 1050 deg. Fah. Fuel 
oil at 1000 lb per square inch is supplied to the 
boiler through four mechanical atomisers. 
Automatic combustion and automatic feed water 
controls are provided. As in the case of the 
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875 Ib per square inch boilers, the superheater 
outlet temperature is a function of the boiler 
firing rate, with no separate superheat control 
provided. The two 2000Ib per square inch 
boilers each weigh approximately 130,000 Ib. 
The following table gives some of the significant 
data :— 


Operating pressure, pounds per square inch ... ... 2,000 
Operating temperature, full power, deg. Fah. ... 1,050 
Economiser inlet temperature, deg. Fah. ... 240 
Economiser outlet temperature, deg. Fah. ... 380 
Total generating surface, square feet ... ... 2,730 
Superheater surface, square feet ... 1,200 


Economiser surface, square feet ... Be ec ae 


Steam air heater surface, square feet 1,120 

Furnace volume, cubic feet ... 20.0... 0 we. eee 352 

Rate of combustion, pounds of oil per hour : 
ee ee ree 13,780 
CN a 16,800 


The circulating pump on each boiler is driven 
by a steam turbine using boiler pressure, and a 
motor drive with overriding clutch is provided 
for use during periods of lighting-off, low-load 
operation, and securing. The port main pro- 
pulsion unit consists of cruising, high-pressure 
and low-pressure turbines in three casings with 
full-power ratings of 50,000 s.h.p. ahead and 











| 8’. 244" " 
en eek 


Weight: Dry =6,700 Ib. 
Wet =7,085 Ib. 





“15” | ‘ Wi% 
| 2°-1Pe_ | 7’- 11% 
Weight: Dry =6,553 Ib. 

Wet =7,/83 Ib. 


Fig. 2—600kW ships’ service generators (upper), 

815 Ib per square inch, 1040 deg. Fah. unit, including 

condenser ; (lower) 1805 lb per square inch, 1045 deg. 
Fah. unit, including condenser 


4000 s.h.p. astern. Steam inlet conditions are 
1805 Ib per square inch, 1040 deg. Fah., with 
the low-pressure turbine exhausting to the 
condenser having a 25in Hg. vacuum. Since 
the emphasis in the design of this turbine was 
on reduction in weight and space, the turbine 
efficiency is only about 1 per cent higher than 
designs in naval use at that time. The combined 
weight of the turbines, valves and accessories is 
approximately 59,000Ilb or 1-181lb per shaft 
horsepower. A single steam chest made of 
austenitic steel is mounted on the high-pressure 
turbine and furnishes steam to both the high- 
pressure and cruising turbine. Water spray for 
cooling astern blading is provided. The high- 
pressure and cruising turbine have double 
casing construction, utilising a solid outer casing 
with no horizontal flange. Blade material is as 
follows :— 





P. Principal alloying element(s) 
Cruising turbine blading ... 12 chromi obalt gs 
vanadium 
First-stage high-pressure turbine 


blading ... .. 12 chromium-cobalt-tungsten- 


vanadium . 
12 chromium, corrosion- 


All other blading... 
resistant steel 


The tip speed of the last stage low-pressure 
turbine blading is 1366ft per second. This 
blading is not shrouded, but is provided with a 
tie wire which passes through a hole in each blade. 
The wire is upset on each end to form a knob, but 
is not brazed to each blade. 

In this turbine arrangement, the cruising 
turbine is by-passed at speeds above 25 knots, 
during which the exhaust is connected to the 
condenser. A small flow of steam is utilised 
to provide cooling for the cruising turbine when 
operating above 25 knots. The cruising turbine 
turns at about: 14,000 r.p.m. when delivering 
rated horsepower and is connected to the high- 
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pressure turbine through a single reduction gear _ located in the fireroom rather than in the eno; 
without a declutching feature. The turbines are rooms. Each of the two 2000 jb Der engine. 
all supported by the condenser in this plant. inch main feed and booster pumps are on _ 
The high-pressure and low-pressure turbines units. Each unit consists of a booster 1 ~ 
turn at 7500 and 6500 r.p.m. respectively at full mounted on and driven by the feed pum Pump 
power, and are connected to a locked-train, extended and is driven by a directgp oe 
double-reduction gear with an output speed of turbine, operating at rated boile; pressime o- 

n 
TABLE IIT 
ee 
T.S.P. inches No. cf stane 
Boiler served Operating conditions C.F.M. of water R.p.m. Bae : Pete 
4 ee: Sere Turbine thes 
= Full power 26,350 69-7 5,400 aw ——. 
Boiler overload 40,000 165-0 7,750 . 3 
- Full power 28,600 90-3 5,725 
Boiler overload 41,250 184-0 8,000 . 3 
Full power 26,900 68-5 5,650 
2A 5 3 
Boiler overload 36,700 125-0 7,750 
- Full power 26,900 68-5 5,650 
Boiler overload 36,700 125-0 7,750 ‘ 3 
350 r.p.m. Through-hardened alloy steel gear temperature. The 875 1b per square inch feed 


elements, conforming to the same specifications 
as given for the planetary gear elements, are 
used in the double-reduction gear. The complete 
gear weighs approximately 35,000lb. The 
following table gives some of the significant data 
regarding this unit :— 








Speed, | Horse- 
Gear element r.p.m. power | factor 
H.P. high-speed pinion ... ... ...| 7,513 25,000 482 
H.P. intermediate speed gears and) 2,210 12,500 369 
inions each 
L.P. high-speed pinion ... ... ...| 6,502 25,000 431 
L.P. intermediate speed gears and| 2,210 12,500 _ 
pinions each 
Low-speed gear 350 50,000 a 














The inboard and the outboard shafting and 
bearing arrangement for the port plant is of 
conventional design. 

Electrical Plant.—The electrical plant utilises 
a 1000V, 400-cycle, three-phase system, supplied 
by two 600kW synchronous turbo-generators. 
One unit, driven by a 1805 lb per square inch, 
1040 deg. Fah. turbine, is a direct-coupled 
** package unit,” turning at 24,000 r.p.m., with 
a static excitation system. The other unit, 
driven by an 815 lb per square inch, 1045 deg. 
Fah. turbine of the “ package unit” design, 
direct coupled, turns at 12,000 r.p.m., and has a 
rotary exciter. There are two 250kW, 1000V, 
400-cycle, three-phase emergency generators 
installed. The forward unit is driven by a gas 
turbine and the after unit is driven by a four- 
cylinder, two-cycle, radial diesel engine. The 
gas turbine installation has a ten-stage com- 
pressor and two-stage gas turbine rated at 
410 b.h.p. (see Figs. 2, 3, 4). 

All pumps and other auxiliary machinery, 
with the exception of feed pumps and main 
torced draught blowers, are driven by 950V, 
















Weight: Ory = 1,649 Ib. 


Fig. 3—250kW emergency generator set gas turbine driven 
unit 


400-cycle motors. These high-speed motors, 
utilising silicone insulation, are substantially 
smaller than conventional shipboard motors, 
thus realising appreciable savings in weight. 
It was found possible to utilise newly developed, 
small diameter power cable for the 1000V system, 
in spite of its having been designed for 440V, 
—— additional savings in weight (see 
Fig. 5). 

Miscellaneous Systems and Machinery.—The 
direct-contact, de-aerating feed water heaters, 
equipped with spray type vent condensers, are 


CL of Turbine _ 


and booster pumps (both main and auxiliary) 
are also combination units, with a single turbin. 
driving the feed pump element at turbine speed 
and driving the booster element through ; 
reduction gear. 

The main forced draught blowers are driven 
by turbines using steam at rated boiler pressure 
and temperature. These blowers are of the 
axial flow type and have the characteristic; 
given in Table III. 

Two of these units have air-cooled lubricating 
oil coolers and the remainder use salt water 
cooling. 

The first reduction gear on the starboard shaft 
has an attached gear-driven lubricating oil 

















pump. In addition, a motor-driven pump is 
TABLE IV 
“ DD692""| “ Timmer- 
long hull man-AG” 
152 
Standard displacement, tons ... 2,425 2,425 
Total shaft horsepower ... ... ...| 60,000 100,000 
Weight of machinery, tons* ... ... 938-7 835-8 
Weight of machinery, pounds per 35-0 18-8 
shaft horsepower 
Pounds per shaft horsepower in per- 100 | 54 
centage of “‘ DD692,”’ pounds per 
shaft horsepower | 
Weight of electrical plant, tonst 137-6 61-5 
Weight of electrical plant in per- 100 | 45 
centage of “ DD692”’ electrical 
plant 





* Includes : wet weight of propulsion machinery and propul- 
sion systems, propellers, shafting, independent plants and systems, 
smoke pipes, gratings, tools and equipment. 

t Includes : generating equipment, switchboards, panels, trans- 
formers, motors, controllers, cable, tubes and wire ways. (Does 
not include degaussing cable and fittings.) 


provided for use during warming up, for speeds 
below about 10 knots. 

Machinery Weight Comparison : U.S.S.“ Tim- 
merman”’ and “* DD-692” Class Destroyer.— 
Table IV is given to illustrate the advances 
made in the design 
and construction of the 
“Timmerman.” A 
** 692” class long hull 
destroyer is used as a 
reference, since the hull 
forms in each case are 
the same. 

The ship is equipped 
with a new type steering 
gear which utilises a ball 
bearing nut and screw 
with hydraulic drive, in 
lieu of the conventional 
hydraulic ram_ system. 
This unit weighs approxt- 
mately one-third as much 
as a standard destroyer 
steering gear. This large saving in weight is 
accomplished by replacing the hydraulic ram of 
about 1lin diameter, used in a conventional 
system, with a ball bearing screw of about 44in 
diameter. Instead of requiring two compatt- 
ments the entire system is located in one 
compartment. ; 

The twin rudders are mounted in roller bearings 
and fitted with seals. Provision was made for 
the installation of conventional sleeve bearings 
in the event the roller bearings failed. One of 
the rudders has medium steel plating, and the 
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ting of a special alloy steel containing 
enabling a comparative evaluation 
of water flow, erosion and corrosion. 
-speed fans are utilised throughout 
ventilation and air conditioning. 
Higher ai’ velocities have resulted in smaller 
duct work. Some of the smaller fans located 
in living spaces are encased in sound boxes and 
duct work sound insulation is employed in an 
effort to reduce noise levels. Two central com- 
pressor plants supply 17 tons of air conditioning 
to living and berthing spaces as well as to ship 


control spaces. 
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PROGRESS AND OPERATIONAL EXPERIENCE 


At the beginning of the programme in 1946, 
it was anticipated that the completed ship could 
be delivered in three years. — However, the 
“Timmerman ” completed builder’s trials in 
September, 1952, and was delivered to the Navy 
the same month. It was recognised that certain 
deficiencies existed at that time, but under the 
tems of the contract the shipbuilder was not 
accountable for failure of components to perform 
as anticipated, except in the case of defective 
material and workmanship, and -there was no 
evidence of this. 

The “ Timmerman” was commissioned and 
fitted out at the Boston Naval Shipyard following 
delivery, and some of the difficulties encounter 
by the shipbuilder continued during the fitting 
out period. The following is representative 
of the more significant operational difficulties 
or material failures which occurred during the 
shipbuilding period, the fitting out period, or, 
insome cases, both. 

Motors —The 950V, 400-cycle motors are 
smaller, have less thermal capacity, and operate 
at higher speeds and temperatures than normally 
encountered. It is not surprising, therefore, 
that numerous failures, consisting of insulation 
breakdown, bearing failures, or both, have 
occurred. It is believed that a solution to these 
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Fig. 4—Radial diesel driven generator 


and other motor problems will be achieved as a 
result of carrying out the following programme 
now in progress :— 

Using heat-stabilised, silicone-lubricated, anti- 
friction bearings, which are good for temperatures 
up to 150 deg. Cent.; paying particular attention 
to bearing housing and shaft fits, rotor balance, 
end bell fits, and the alignment of motor with 
the driven unit ; replacing, in some instances, 
relatively flimsy end bells of stamped construc- 
tion with more rigid end bells of cast construc- 
tion; exercising closer control over silicone 
insulation application when motors are rewound. 
_ Motor Controllers—There has been a high 
incidence of motor controller casualties due to 
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failure of relays, control transformers and con- 
tactors. Flash-over has occurred in some 
instances when the circuits have been interrupted. 
Modifications of controller arc chutes and con- 
tact points are being made in an effort to eliminate 
this condition. A further modification to the 
thermal overload relay, to ensure more positive 
overload protection, is being laboratory 
evaluated. 

Turbo-Generators.—The electronic governor 
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system on number 1 turbo-generator has not 
given the desired speed and frequency control, 
and several failures of tubes, relays and trans- 
formers in this circuit have occurred. The 
possibility of replacing this system with a mech- 
anical governor is being considered. Experience 
with the high-speed rotary exciter has led to the 
decision to replace it with a static excitation 
system. Extensive modifications to the number 2 
turbo-generator were required. The capacity 
of the machine was found to be less than antici- 
pated, due to internal shorting in the field coils 
and arcing in the slip rings. Modifications to 
this unit included rewinding the rotor and 
increasing the field turns, installing new bearings 
and oil seals, resurfacing journals, and installing 
new sliprings and brush holder assembly which 
accommodated additional brushes, thereby reduc- 
ing current density. Additional rectifiers were 
provided in the excitation system, and a cooling 
system was provided for the separately mounted 
rectifiers. 

Emergency Generators.—The gas turbine pre- 
sently installed has these features :— 

Electric starting, to replace air starting, making 
the unit independent of the compressed air 
system. 

Increased air ducting area, supplied from out- 
side air rather than compartment air. 

Removal of exhaust muffler and increasing 
exhaust collector exit area by approximately 
55 square inches. 

Increased horsepower to allow unit sufficient 
power to operate at rated 250kW generator 
output. 

Installation of a fuel line accumulator and an 
acceleration limiter. 

The diesel emergency generator was modified 
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to provide for an oil-lubricated bearing in the 
generator end, which replaced a grease-lubricated 
bearing. This was done as a result of several 
bearing failures after relatively short periods 
of operation and it was felt that a grease-lubri- 
cated bearing for this application was marginal. 

Valves.—Due to the high exhaust temperature, 
exhaust valves fitted with internal threads were 
soon rendered inoperative and valves with an 
externally threaded yoke were used to replace 
them. Cracks were found in the stellite seats 
and discs of several valves in high-temperature 
steam lines, and a different stellite alloy, having 
better elongation properties, is being evaluated. 

Number 1 Low-Pressure Turbine.—Leakage in 
the after bearing oil seals has occurred on several 
occasions. Steam deflectors were found neces- 
sary to prevent astern steam impingement on 
ahead blading in the low-pressure turbine during 
astern operation. Furthermore, a partial loss 
of vacuum has occurred during astern operation 
and vacuum recovery after astern operation has 
been extremely slow. Rubbing of the radial 
seal strips was found to have occurred, which 
necessitated reboring the after bearing housing 
in order to re-establish the correct rotor position. 
To date, the maximum speed attained has been 
34 knots, which corresponds to about 60 per cent 
of the full power rating of the ship. The 
deficiencies which have prevented the use of 
higher powers are gradually being corrected 
and it is expected that in the near future full 
power trials will be possible. It is anticipated 
that speeds approaching 40 knots will be reached 
during these trials. 


TRIAL PROGRAMME 


In order to evaluate the many unique features 
included in the design of the ‘‘ Timmerman ” 
an extensive trial agenda has been prepared. 
The trial programme is broken down into three 
major phases, the first of which is complete. 
There was a total of about twenty tests in this 
group and they consisted of evaluating individual 
pumps, valves, auxiliaries and minor systems. 

The second phase trials and tests includes : 

Automatic steering control tests ; vibration 
trials ; noise trials ; observation and photo- 
graphy of cavitation ; pressure measurements ; 
boundary layer survey ; standardisation trials 
and transient thrust and torque determination ; 
tactical trials; astern turbine deceleration 
performance trials. 

The final phase of the trial agenda consists of 
main turbine water rate, fuel economy, and heat 
balance trials. During these trials, performance 
data will also be obtained on individual com- 
ponents, such as boilers, main condensers and 
air ejectors, lubricating oil coolers, fuel oil 
heaters, and other units making up the main 
propulsion plant. The results will indicate the 
fuel eco:.omies which can be realised from going 
to higher steam pressures and temperatures, and 
will form a basis for the selection of steam con- 
ditions and components to be employed in future 
designs of naval propulsion plants. 





British Standards Institution 


All British Standards Specifications can be obtained from the 
Sales Department of the Institution at 2 Park Street, London, W.1 


STEEL ROLLER CONVEYORS 
No. 2567: 1955. Price 2s. 6d—This new 
standard specifies important dimensions of the prin- 
cipal components of fixed and portable roller con- 
veyors, within the range of maximum loading from 
10 Ib to 320 Ib per roller. It does not apply to power- 
driven roller conveyors. 


BROAD-FLANGE BEAMS, HEAVY-FLANGE 
T-BARS AND LONG-LEGGED T-BARS 

No. 2566: 1955. Price 2s. 6d.—This standard 
extends the range of standard sections covered by 
B.S. 4, “ Channels and Beams ”’ ; B.S. 4A, “ Equal 
Angles, Unequal Angles and T-Bars”’ ; and B.S. 6, 
“ Bulb Angles and Bulb Plates.” 

The new sections have been standardised as 
up to now the range of standard sections did not 
cover fully the requirements for welded construction. 
Consideration was given to a wide range of special 
sections, which from time to time had been put 
forward as incorporating factors which would 
facilitate their being welded.. The most useful and 
economical sections are stated to be covered in this 
standard. 
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MOTOR ROAD CONSTRUCTION 
The technical and economic problems of 
road construction were debated on two 
occasions last week—at meetings of the 
Pavings Development Group of the Cement 
and Concrete Association, and of the 
Institution of Highway Engineers. The 
economic importance of achieving a good 
highway system was emphasised, at the 
Institution of Highway Engineers’ debate, by 
Mr. C. T. Brunner, who pointed out how 
the road system had been starved of capital, 
and how even with the Government’s recent 
proposals, the share of capital to be allocated 
to it falls short of that envisaged for other 
comparable industries. Mr. Brunner advo- 
cated an expenditure of £75,000,000 a year, 
for ten years, which, he said, would give a 
return of at least £200 million a year in the 
form of savings in operating costs and pre- 
vention of accidents. He also recommended 
the formation of a National Highway Autho- 
rity, which would be responsible for the road 
programme, being a body somewhat 
analogous to national bodies such as the 
Atomic Energy Authority or the British 
Transport Commission. The next speaker 
at the meeting, Lieut.-Colonel A. C. Newman, 
remarked that since the Government had 
announced its road programme, there had 
been a certain amount of contention that 
the programme might interfere with the 
load of work carried out by the building and 
civil engineering industry at the present time. 
He pointed out that the industry had a 
holding of plant valued at over £100 million, 
and gave detailed figures of the quantities 
of plant of various kinds owned by con- 
tractors, and of estimates for the supply of 
the various classes of materials necessary 
for road work, which clearly indicated that 
there were resources to spare.  Lieut.- 
Colonel Newman also emphasised that fewer 
large aerodrome contracts were coming out ; 
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the industry considered, therefore, that it was 
in a favourable position to participate in a 
road programme. The labour from the 
aerodrome works could not easily be merged 
into a building programme, and if there were 
a gap between that work and the road 
work, skilled men were likely to be lost to 
another industry or another style of work. 
The third principal speaker at the Institu- 
tion’s debate, Sir Owen Williams, said that 
for every car produced in the factories, £500 
needed to be spent on the roads on which 
it was torun. He drew attention to a number 
of factors making for more economical 
design. 

At the Pavings Development Group’s 
meeting, the construction of concrete roads 
and bridges was discussed. One of the 
papers on bridges is reproduced on page 500 
of this issue ; other papers at the morning 
conference described the less spectacular, 
but equally important, work on the smaller 
bridges, outlining the achievements of various 
systems of construction. The meeting con- 
tinued in the afternoon with a discussion 
of the paper “ The Application of Lessons 
Learnt in Airfield Construction to the Con- 
struction of Concrete Roads,”’ by J. M. Laing, 
J. M. Fisher and E. U. Broadbent, and also 
of “Concrete Road Construction in the 
Netherlands, with Special Reference to the 
New Motor Roads,” by Ir. J. G. N. Ringeling. 
A different emphasis was placed on the 
problem of plant at this meeting, arising 
from the review of the plant and likely con- 
structional methods for roads given in the 
paper by Messrs. Laing, Fisher and Broad- 
bent. A programme of extension and 
strengthening of airfields has proceeded 
steadily during the past eight years or so, 
and a great deal of experience has been 
accumulated. Airfield contracts have been 
gained against keen competition, which has 
been a factor in encouraging better construc- 
tional techniques, in reducing the cost and 
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in giving results of consistently hj 
Mr. Laing pointed out that, 
excavation, airfield paving had become th 
most highly mechanised operation jn tha 
engineering. He instanced a case where g 
airfield project had been built with 609 a 
(150 of them staff) where 2000 to 2599 i 
would have been needed for the same work 
as it was carried out during the war. In 
such a case, the economy in Manpower 
needed an expenditure of £300,009 . 
£400,000 on plant. Road works would be 
on a smaller scale than airfield Construction 
of this kind and the view was expressed that 
the plant needed would be rather differen; 
There seemed to be, particularly, a need fo, 
concrete batching and mixing plant adapted 
for road work. The relative merits of the 
bridge mixer and the paver, for building g 
24ft carriageway, were discussed, and neither 
of them seemed the ideal answer in the 
opinions of the various speakers. A batching 
and mixing plant, capable of producing 
20 to 25 cubic yards of concrete an hoy 
was described as relatively easy to move 
but if it had to be moved every 14 miles or 90, 
perhaps 3s. per cubic yard would be added 
to the cost of the concrete. Mr. Laing’s 
comments on the future road programme, 
although professedly from the contractor’: 
point of view, are worth noting. He cop. 
sidered that specifications (a more or |e 
standard form of specification is an obvious 
advantage) should call for a high standard 
which should be rigidly adhered to through. 
out the work. He also thought that the 
quality of the work would be safeguarded 
by tendering by invitation to selected firms, 
It is clear from the facts given by these 
various authorities that the contracting 
industry will have no difficulty in coping 
with the Government’s road programme, 
and could, in fact, meet the requirements of a 
larger programme. Circumstances may, 
indeed, force the pace, for 1,500,000 more 
road vehicles are forecast by 1958 ; all these 
facts confirm that Mr. Brunner’s proposals 
are not unduly extravagant. As far as civil 
engineering plant is concerned, there are 
adequate resources available, but there 
seems to be a challenge to plant manufac- 
turers to produce new designs, which would 
be ideally suited to carrying out road works 
with the maximum economy. Although the 


8h quality 
apart from 


‘security aspect of the airfield programme 


prevents us from giving a concise assessment 
of its scope, it is evident that rapid technical 
progress has been made, and the present 
state of the art reflects considerable credit 
on the civil engineers concerned. The estab- 
lishment of a regular and continuous pro- 
gramme of road work would undoubtedly 
have a similar, highly beneficial influence on 
the technical progress of road building. 
Once such a programme is established, many 
of the problems now discussed will fall 
into a clearer perspective as experience 
is accumulated. 


DETERRENCE WITH DEFENCE 

The Minister of Defence has hitherto kept 
Parliament informed of the size and strength 
of the Soviet Armed Forces and it is to be 
hoped that he will continue to do so. Russia’s 
existing forces were built up, or planned, 
before the Kremlin could have had full 
knowledge of the vast destruction to be 
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expected from the hydrogen bomb and they 
are in any event far in excess of her require- 
nents for any form of “cold” war. If they 
are now still further strengthened, or even 
qaintained at their present strength, it 
night well be assumed that the Soviet 
Government either continues to hope for a 
pan on nuclear missiles or is not unduly 
dismayed at the prospect of a nuclear war and 
will persist in such long-term plans for 
jggression as it may have in mind. What, 
indeed, would be Russia’s object in maintain- 
ing 175 divisions and a navy of thirty powerful 
eruisers and 500 submarines if she believed 
yercities and ports and industrial areas likely 
o be destroyed within a few days and her 
people left to carry on “a struggle for 

wrvival of the grimmest kind” ? But 
whatever the effect on the Kremlin of the 
Defence White Paper, Britain has no alterna- 
‘ive but to manufacture the hydrogen bomb 
and to build up her own bomber force, thus 
adding to the deterrent already provided 
py the immense strength of the United States 
strategic Air Force. To leave the deterrent 
entirely in American hands would deprive 
this country of any effective voice in deter- 
mining when to use it and what targets to 
glect or even in deciding N.A.T.O.’s overall 
defence policy. It seems, in fact, clear from 
the recent defence debates that many 
Members of Parliament, representing a 
substantial body of opinion, had these points 
in mind when approving the White Paper. 
They believe that with Britain exercising 
a restraining influence on the use of nuclear 
weapons, the Soviet Government, knowing 
the consequences, would not deliberately 
start all-out aggression on the Continent of 
Europe. 

Though deterrence is now intended to be 
our most effective defence, the defence 
measures required if the deterrent fails to 
deter could have been discussed at greater 
length, without detriment to security, both 
in the White Paper and in the subsequent 
debates in Parliament. Britain is an essential 
base for reinforcements, supplies and 
offensive operations and must have the best 
possible defence against bombing attacks 
if she is to survive. Ground-to-air guided 
missiles are not yet in production in this 
country, but they are being produced in 
quantity in the United States, where batteries 
of four guided missile launchers are being 
erected for the defence of every one of her 
principal cities. It may well be that con- 
sideration has been given to the purchase of a 
supply of these missiles from America to 
meet our immediate needs, but that finance 
rules out this costly form of ground defence 
in view of the decision to build up a deterrent 
bomber force of more than token size. Or 
it may be that it has been concluded that 
our small island could be defended more 
effectively by large numbers of interceptor 
fighters with air-to-air guided missiles. But 
why, in that event, do we continue to arm 
our fighters with 30mm Aden cannon when 
they will have no more than ten minutes’ 
warning to intercept bombers at heights 
of 10 to 12 miles, with both bombers and 
fighters flying at supersonic or near super- 
sonic speeds ? Reliable air-to-air missiles 
have already been issued to U.S. Air Force 
and Navy fighters. The British people have 
a right to have authoritative information 
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on these points if they are to be encouraged 
to keep the hydrogen bomb in proper per- 
spective and to realise that the Navy’s task 
of safeguarding our imports of food and raw 
material has lost none of its traditional 
importance. 

Some aspects of our naval defence policy 
also call for explanation. Despite the age 
of many of our cruisers, no more cruisers 
of the conventional type are to be built in 
view of the guided missile ships which are in 
sight. Guided missile ships are not, however, 
to be laid down, pending the results of the 
trials of the experimental ship due to be com- 
missioned next year. They are thus unlikely 
to be in service for another four or five years. 
Moreover, they will still apparently have 
guns as their main armament, pending pro- 
duction of a reliable worth-while ship-to-ship 
guided missile. Their guided missile arma- 
ment is purely for anti-aircraft defence. 
Would it not be practicable to lay down these 
ships forthwith, and provide them with the 
United States ship-to-air ‘‘ Terrier ’’ guided 
missiles, rather than wait for the trials of 
our own anti-aircraft missiles ? There are 
the Soviet “‘ Sverdlov”’ class cruisers with 
7- lin guns to be dealt with in the meantime, 
and if we are not to rely on the United States 
cruisers—which may be fully engaged in the 
Pacific—it is surely taking unnecessary risks 
to regard the carrier and her aircraft as the 
answer. No new carriers are provided for 
in the Navy Estimates and Britain will thus 
have only seven of these ships capable of 
operating modern jet aircraft. They cannot 
be defending trade in the Atlantic and Indian 
Oceans if they are also, in the words of the 
White Paper, “to contribute to the Allied 
striking Fleet . . . which will add powerfully 
to our ability to hit the enemy either inde- 
pendently or in support of Allied land forces 
and land-based forces.” It appears also, 
from the recent debates in Parliament, that 
the function of British carriers in this connec- 
tion is not clearly understood. There is no 
intention of following the Americans in 
building 60,000-ton carriers to launch large, 
heavy, medium-range bombers against targets 
1000 miles inland. None of our carriers is 
large enough to operate aircraft of this kind. 
They will “ hit the enemy ” by bombing bis 
harbours and military installations on or 
near the coast with ‘‘ Wyverns”’—or the 
strike aircraft foreshadowed to replace them. 
Strategical bombing, in the British view, 
is the function of the Royal Air Force. None 
the less, the offensive role now given to the 
Navy will greatly encourage officers and men 
to have faith in the future of the fine Service 
to which they belong. Despite the submarine 
menace and nuclear weapons, Nelson’s 
doctrine still stands—the surest defence of 
England is to place the Navy alongside the 
ports of the enemy. 


Obituary 
LEWIS HOLME LEWIS 


WE record with regret the death of Mr. 
L. Holme Lewis, who was for many years 
the chief engineer and manager of Manchester 
Corporation Waterworks, and whose career 
is particularly associated with the Hawes- 
water water supply scheme. Mr. Holme 
Lewis died on April 3rd; he was in his 
eighty-ninth year. 

Lewis Holme Lewis was born in Car- 
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marthenshire in 1866. He was educated at 
Pencader Grammar School, and at Chester 
School of Science and Liverpool University. 
Then, he was articled for five years to the 
Hydraulic Engineering Company of Chester, 
after which he served as manager of the 
company’s Liverpool branch, and from 
1891 to 1895, of its London branch. In 1895 
he joined the Manchester Corporation as 
chief engineer and manager in charge of its 
hydraulic power supply. He was appointed 
chief engineer and manager of Manchester 
Corporation Waterworks ten years later, in 
1905, and he continued to serve in that 
capacity until his retirement in 1931, after 
which he continued to be responsible for the 
construction of the first instalment of the 
Haweswater scheme, which was designed and 
constructed under his direction. 

In 1929 construction of the Haweswater 
scheme was started; the works were to 
include the reservoir, and an aqueduct with 
one line of pipes to the Heaton Park reservoir 
in Manchester. However, the scheme was 
suspended in the financial crisis of 1931. 
It was then decided to restrict it by building 
only about 9 miles of aqueduct, to connect 
with the existing Thirlmere aqueduct; a 
new Act of Parliament was thus needed, and 
work was again started in 1934. The 
modified scheme was completed in 1941. 
The Haweswater aqueduct itself was started 
after the war, and the first pipeline is only 
now approaching completion. The original 
scheme wa¥ of note because of the design of 
the Haweswater dam, which was the first 
buttress structure to be built in this country. 
The dam has a height of 120ft and consists 
of forty-four buttresses ; the reservoir has 
a capacity of 18,660 m.g. 

Apart from his managing the affairs of 
the Manchester Waterworks, Mr. Holme 
Lewis directed the construction of works 
such as the 550 m.g. service reservoir 
at Heaton Park, and the completion of 
the Thirlmere aqueduct. Of this work, the 
Manchester Guardian wrote, at the time of his 
retirement in 1931: “It was originally 
intended that the Thirlmere aqueduct should 
consist of five pipelines, but when the con- 
struction of the fourth line was under con- 
sideration, Mr. Holme Lewis proved, after 
much careful research, that it would be more 
economical to lay a large pipe, 54in in dia- 
meter, which would be capable of conveying 
to Manchester the remainder of the total 
daily yield from Thirlmere. Nor was this 
all. Instead of continuing the pipe to 
Manchester, in accordance with the original 
intention, he merely took it to Lostock, 
where he erected a booster station, of his 
own design, by means of which the water 
delivered from the fourth pipe was conveyed 
under pressure to Manchester through the 
three existing pipes. In this way he effected 
a saving in capital expenditure amounting to 
about £500,000.” 

In 1926, Mr. Holme Lewis was elected 
president of the Institution of Water Engin- 
eers. It is worth recalling that in his presi- 
dential address he advocated the need for 
research in water engineering and suggested 
contributions by water authorities towards 
the cost of maintaining a branch of the Royal 
Scientific and Industrial Research Depart- 
ment, as it then was, devoted to water supply 
problems. He also emphasised the respon- 
sibility of the water engineer in avoiding 
expenditure on new schemes in advance of 
actual requirements. He was a member of 
the Institutions of Civil and Mechanical 
Engineers, and a member of the executive 
committee of the British Waterworks Associa- 
tion. He also served on governmental com- 
mittees on waier supplies and river pollution. 










































































Letters to the Editor 


(mews eer 


HYDRODYNAMIC LUBRICATION OF 
ROLLER BEARINGS 


Sir,—We were interested to read Mr. Lewicki’s 
reply (THE ENGINEER, March 11, 1955) to our 
criticism of his paper. The argument, in which a 
body is held to be in equilibrium under the 
action of two mutually perpendicular forces 
(N and T in Fig. 5) or of an unbalanced moment 
[R(T p+T¢) about the axis in Fig. 6], is certainly 
ingenious, but is unacceptable in conventional 
mechanics. 

Mr. Lewicki’s lengthy attempt to reconcile 
elastic and hydrodynamic forces and to prove 
8=0 is unconvincing and merely shows the 
incompatibility of his own simplifying assump- 
tions. The re-assertion that in his analysis 
normal pressures outside the flat are negligible 
is in contradiction of the evidence of his own 
equation (13). The inlet pressure to the flat 
(equation (13)) could itself have been obtained 
in a less unsatisfactory manner by a suitable 
modification of Martin’s analysis (Engineering, 
1916, 102, 119). Equation (31) would have been 
still “‘ more accurate ”’ if it had obeyed Newton’s 
Third Law of Motion. 

Mr. Lewicki’s “ correction ’’ of equation (11) 
in our letter is a mere rewriting in more general 
terms ; both equations (11) and (12) are correct 
as printed. We thank Mr. Lewicki for pointing 
out the misprint in the figures (“ a’ should 
replace “‘ a’’). 

Reference to the work of Professor H. Blok 
(Journal Inst. Pet., 1952, 38, 673 and elsewhere) 
is necessary to place Mr. Lewicki’s theory in its 
proper context. It has been shown that the exact 
solution of the balance between hydrodynamic 
and elastic forces is difficult, but that it can be 
done by numerical methods (see also H. Poritsky, 
Fundamentals of Friction and Lubrication in 
Engineering, First A.S.L.E. National Symposium, 
1952, page 98, and J. Dorr, Ing-Archiv., 1954, 
22 (3), 171-193). The merit of Mr. Lewicki’s 
assumption of a flat lies in the possibility of 
thereby obtaining an approximate analytical 
solution for a particular range of conditions. 
This may not be the best assumption that might 
have been made, but it would seem to be worthy 
of examination, provided that it is applied 
consistently and with correct mathematics— 
hence our criticism. 


A. A. MILNE 
J. A. COLE 

March 3lst. 
ECONOMIC SELECTION OF COOLING 


TOWERS 


Sm,—On February 4, 1955, you published an 
article by Messrs. Kennedy and Margen entitled 
“Economic Selection of Cooling Towers for 
Generating Stations.”” Mr. J. Leitersdorf, a 
member of our technical staff, was present when 
this paper was read before the Institution of 
Electrical Engineers on January 5th, and has 
asked that the following points be considered in 
connection with this paper. 

In Section 5, entitled “‘ Economic Operation,” 
reference is made to shutting down fans ‘under 
reduced load conditions. This is definitely the 
wrong procedure. The correct operation should 
make use of the enormous power saving which 
results from reducing the fan speed whereby 
the air flow varies only directly as the fan speed, 
while the power consumption drops as a cube 
function. ‘This factor is important when con- 
sidering the exhaust heat load limitations which 
apply for any given steam turbine as described 
in the paper. Since for any particular case there 
will be no advantage in an increased vacuum 
when the wet bulb temperature falls below the 
design wet bulb temperature, advantage should 
be taken of the considerably reduced power con- 








THE ENGINEER 


sumption obtainable by reducing the air rate 
but at the same time maintaining the design water 
temperature. In small cooling tower installa- 
tions, the fan speed may be varied most readily 
by using two-speed motors. In larger installa- 
tions, single-speed motors may be used in con- 
junction with an elementary form of frequency 
changer which will result in a simple, cheap and 
robust installation. 

It should be emphasised that two-speed opera- 
tion of the. fans will produce all the necessary 


Total Fan h.p. Required 


All Fans 2/4; Speed 


400 
300 





45 47 49 SI 53 SS 57 59 61 63 65 
Wet Bulb Temperature °F. 


Design vacuum : 28-7in Hg. 

Inlet water temperature : 83-8 . Fah. 

Outlet water temperature : 65-8 deg. Fah. 
ign W.B.T. : 53-6 deg. Fah. 

Water quantity : 3,280, i.g.p.h. 


Horsepower requirements of fans of {induced draught 
cooling tower for —_ of 110MW turboe 
iternator 


fluctuation one requires and to illustrate this 
point the attached curves have been drawn. 
They are based on a scheme for a Continental 
power station utilising automatic control to 
maintain constant vacuum by changing fans 
from full to part-speed operation, according to 
requirements. It will be noticed that full-speed 
and two-thirds speed fan operation has been 
used. For the above reasons it is also completely 
misleading and incorrect to base economic 
calculations on seasonal block load allocation 
diagrams illustrated at the top of page 2 of the 
paper. Analysis in this manner must mean a 
much larger period of time calculated as full- 
load operation than occurs in practice. With 
horsepower varying as the cube of the fan speed 
the errors will be large ; hence, accurate load 
diagrams must be used in such an analysis which, 
unfortunately, will make the calculations tedious, 
but very necessary, to obtain accurate results. 
If these necessary complete calculations are 
made, it will be found that the economic justifica- 
tion which mechanical draught towers have 
achieved in all other parts of the world will be 
attained also in this country. ' 
W. C. PATERSON, 
Publicity and Advertising Section, 
Projects Initiation. 

Head, Wrightson Processes, Ltd., 
Teesdale House, Baltic Street, London, E.C.1, 

March 15th. 





Short Notices 


Fifty Years on Tracks. Caterpillar Tractor 
Company, Peoria, Ill., U.S.A. Price 1.25 dollars. 
—Last year the Caterpillar Tractor Com- 
pany celebrated the fiftieth anniversary of the 
introduction of the crawler tractor, and it has 
now published this interesting book which traces 
the background and the development of this 
form of tractor and its many applications in 
agricultural, industrial, military and other equip- 
ment. The Caterpillar Tractor Company was 
formed by the merging of the C. L. Best Tractor 
Company and the Holt Manufacturing Company 
in 1925, but the crawler track itself was first 
introduced by the latter company in 1904, in an 
attempt to overcome the problem of using large 
heavy steam tractors on soft ground. The first 
production model of a crawler steam tractor was 
made and sold by the company in 1906. In the 
same year an experimental crawler tractor driven 
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by a petrol engine was tested and this design 

first put into production only tw) years later 
From then on the use of the intern:! combustiq: 
engine propelled crawler tractor steadily incteneee 
as it replaced the horse and the mu! for drawj . 
agricultural, constructional and ny iitary ™ $ 
ment of all kinds. Each significani developne, 












in design and new application of the crayj 

tractor is described and illustrated in the book, 
which concludes with notes on the nanufacture 
of a “ D8” machine and the generii' activities of 













the company. 








Optical Glassworking. By F. Twy 
London: Hilger and Watts, L:d., 9 St 
Pancras Way, N.W.1.—This is 1 abridge 
edition of the author’s book on “ Prism ang 
Lens Making,”’ and it has been written as q text 
book to meet the needs of those enzaged in o; 
studying optical glass making. It opens with a 
concise historical review of the subject and gos 
on to deal with the methods of making by hang 
of a single prism or lens. After a subsequen 
section on the tools and materials in general yy 
in the industry descriptions are given of the 
methods and equipment for producing lenses in 
quantity, spectacle lenses, microscopic lenses 
prisms in numbers and non-spherical surfaces, 
Having dealt with the manufacturing side, se. 
tions are then devoted to the all-important sub. 
jects of testing optical work and glass, and 
surface treatments. The book concludes with an 
interesting chapter on the working of large objec: 
glasses and mirrors and the problems involved, 
Mr. Twyman has long been recognised as q 
leading authority on the processes involved jn 
high-class optical work, and this abridged version 
of his original book, which deals mainly with the 
practical aspect of the subject, will be welcomed 
both by students and those engaged in the prac. 
tical side of optical glass working. 


ian, FRS, 


























Radar Pocket Book. By R. S. H. Boulding, 
B.Sc., M.I.E.E., A.M.I.Mech.E., F.Inst.P. Lon- 
don: George Newnes, Ltd., Tower Hous, 
Southampton Street, W.C.2. Price 15s.—This 
book of 174 pages gives the basic electrical 
principles of radar, amplified by information 
about the component parts of a radar installation. 
Typical circuit diagrams are given, with a brief 
explanation of their operation. The author has 
achieved a considerable feat of compression in 
this book and, although it does not purport to 
be a comprehensive textbook on the subject, it 
should appeal to engineers and operators who 
may be interested in the construction, installation 
and use of radar equipment. 


Books Received 


The Testing of High Speed Internal Combustion 
Engines. Fourth edition. By A. W. Judge. London: 
Chapman and Hall, Ltd., 37, Essex Street, W.C.2. 
Price 75s. 

Blueprint Reading for the Machine Trades. By 
R. H. Fortman and J. McKinney. London: The 
Technical Press, Ltd., 1, Justice Walk, Lawrence 
Street, S.W.8. Price 18s. 

Gas Turbine Principles and Practice. Consulting 
editor, Sir Harold Roxbee Cox. London: George 
Newnes, Ltd., Tower House, Southampton Street, 
Strand, W.C.2. Price 90s. 

Irrigation and Hydraulic Design. Vol. I: General 
Principles of Hydraulic Design. By Serge Leliavsky. 
London : Chapman and Hall, Ltd., 37, Essex Street, 
Strand, W.C.2. Price 126s. 

A History of Mechanical Inventions. _ Revised 
edition. By A. P. Usher. Harvard University Press. 
London: Oxford University Press, Amen House, 
Warwick Square, E.C.4. Price 72s. 

Studio Engineering for Sound Broadcasting. General 
Editor J. W. Godfrey. Publisked for Wireless 
World by lliffe and Sons, Ltd., Dorset House, Stam- 
ford Street, London, S.E.1. Price 25s. 

An Explaining and Pronouncing Dictionary of 
Scientific and Technical Words. By W. E. Flood and 
M. West. London : Longmans Green and Co., Ltd, 
6 and 7, Clifford Street, W.1. Price 12s. 6d. 


The Role of Petroleum in Modern Transpor. 
Report of the Institute of Petroleum Summer Meeting. 
Edited by George Sell. London: The Institute of 
Petroleum, 26, Portland Place, W.1. Price 30s. 


Surveying. Solutions to B.Sc. (Eng.) Exam. 
Questions of London University (External). By 
D. H. McPherson and P. N. Ray. London: Mac 
donald and Co. (Publishers), Ltd., 16, Maddox 
Street, W.1. Price 18s. 
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At a meeting of the Institution of Mechanical Engineers, which began after lunch 

last Friday and continued into the evening, a number of papers were read and 

discussed. The meeting was organised by the Applied Mechanics Group and we 
here print summaries of the papers and abstracts from the discussions. 


HE first paper presented at a meeting of 
the Institution of Mechanical Engineers 
jst Friday, was : 
BENDING STRESSES IN SPUR GEAR TEETH : 


PROPOSED NEW DESIGN FACTORS BASED 
ON A PHOTO-ELASTIC INVESTIGATION. 


By M. A. JACoBSON* 


The paper embraces three related subjects : photo- 
dastic measurement of stresses in spur gear teeth ; 
interpretation of stresses so found to give revised 
strength factors for B.S. specification on the design 
of spur gears ; and a tentative attempt to correlate 
the stresses found with fatigue-test results which have, 
been reported by various investigators. 

The object of this paper is to propose maximum 
safe bending loads which involute spur gears can be 
allowed to carry. The gears investigated are confined 
to those which can be generated by standard cutters 
conforming to the 20 deg. pressure-angle, B.S. basic 
rack, without either causing under-cutting near the 
root or undue pointing of the teeth. The values 
proposed are based on a photo-elastic investigation 
carried out by the author under the guidance of 
Professor W. A. Tuplin, at the Post Graduate School 
of Applied Mechanics, Sheffield University. 

Strength factors for spur gears are given in the 
form of charts. These factors embrace the whole 
possible range of spur-gear combinations, both with 
and without addendum corrections. 

To enable a rational assessment of strength to be 
made, a list of service factors, as well as a graph 
correlating bending-fatigue data for three classes of 
surface finish (ground and polished, shaped, hobbed) 
are given. 

DISCUSSION 


Dr. H. E. Merritt: As you know, the 
literature on this subject is truly enormous, 
nevertheless practically nothing is known 
about the things which really matter, and 
that refers particularly to load carrying 
capacity! I hope that Mr. Jacobson will 
not be disappointed if some of my comments 
appear to be a little critical. I should like 
to try and add a little background to the 
subject in the hope that it may be of interest 
to Mr. Jacobson to know how one who has 
been trying to design gears that work for 
many years visualises this as a contribution 
to the subject. 

So far as the actual practice of gear design 
is concerned, I note that the author is 
anxious to improve the technique or practice 
of gear design, and I am sorry if I can do no 
more than to say how difficult that is. First 
of all, if we take it in categories, there are a 
number of people who use formule for gear 
design. The first category we can regard as 
the engineer who is responsible for purchasing 
gear units for a large installation. He is not 
a gear specialist. He wants to be assured 
that those gears are made to a recognised 
code of practice, and he may specify that the 
gear shall be in accordance with British 
Standards Specification No. 436. He is not 
concerned with how that specification is 
built up. He is completely ignorant of the 
many errors and rash assumptions which that 
specification contains. The second category 
contains industrial firms who are designing 
gear units of a particular type and who need 
some quick and consistent method of esti- 
mating gear sizes so that when they fit some- 
thing this week, it will be the same size as the 
one they fitted last year. When one considers 
what is hoped to be a universal formula for 


' gear design, one has to remember that it has 





*Senior research a on transmission, Austin and 
Co., Ltd., Birmingham. (Formerly in charge of vibration and 
tress analysis, diesel engine design office, Blackstone and 
Co., Ltd., Stamford, Lincs.). 


to cover a very wide range of operating con- 
ditions. The variables which come into the 
actual loading of the gears are so many and so 
uncertain that the margin of safety in any 
such universal formula is not only large in 
itself, but is also largely variable and its 
variability is unknown. For example, there 
are many gears which have been tested under 
laboratory conditions at eight times the load- 
ing represented by the British Standards rules, 
and gears have been in quite good con- 
dition after 100 million revolutions. On the 
other hand, there are industrial gears which 
have been rated within the limits set down by 
British Standards Specification No. 436 and 
which have given a great deal of trouble. So 
we have an unknown variation of something 
between eight and one. Until we can do 
something about that variation, the paring 
down of small differences in the individual 
factors is of less importance. 

In so far as the bending strength of the teeth 
is concerned, the strength factor is given in 
the British Standards Specification, and its 
derivation contains a number of rash assump- 
tions and errors of calculation, and is not 
therefore by any means ideal. All that one 
can say at the moment is that the errors in 
those strength factors are much less than the 
variables elsewhere. That does not mean 
that one should disregard the errors in those 
factors, of course. It is not really as bad as 
it seems. Nevertheless if, as he does in his 
paper, Mr. Jacobson suggests that by com- 
paring his experimental results with the results 
obtained by other physical tests, he would 
recommend an increase in bending stress 
above that in British Standards Specification 
No. 436, he should be a little cautious. I 
do not think that anyone would dare do it. 
I once made a very rash move myself in 
modifying a gear rating on the lines of pure 
reason, but unfortunately the small gears 
were perfectly all right and the large gears 
broke right and left! 

There is a third category of user of gear 
design methods. The people in that category 
are those who are concerned only with a 
limited range of designs of gearing, where 
they have the factors under control and where 
it is most important that maximum economy 
in design should be adopted. People in that 
position do need all the information that 
they can obtain on the strength of gear teeth 
as well as of their load-carrying capacity. 
It is people in that category who stand to gain 
most of the work of the kind that the author 
has been doing. In order, therefore, that 
Mr. Jacobson’s work can really be made as 
effective as possible, I would suggest that he 
re-examines whether he could not add to or 
enlarge upon the way in which he has pre- 
sented his results so that they are more 
suitable for application to new designs, and 
also so that they are more in line with current 
practice of people engaged in gear design. 
He has presented his results in the way 
advocated by Professor Tuplin, which is a 
peculiar method of describing or defining 
the amount of modification. I think that a 

large number of people would have under- 
stood Mr. Jacobson’s paper more readily 
if he had presented his results in the accepted 
way. If he could so arrange the presentation 
that interpolation were not necessary, it 
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would, I feel, be a further advantage. 

In so far as the author’s charts giving com- 
plete strength factors are concerned, the 
figures which appear on page 8 of the paper 
give strength factors against the numbers of 
teeth and the difficulty of the ordinary gear 
designer in using that information is that in 
these charts there is inherent a very radical 
assumption about the point of the profile 
on which the tooth load is actually applied. 
Not everyone would agree with that and I 
would hope that the author might find it 
possible to devise some other method of 
presenting his experimental data, possibly 
along the lines of Dolan and Broghammer, 
in which the stress calculated by the erroneous 
method can be converted into real values by 
applying the stress concentration factor. 
It is easy to draw out the tooth profile and 
determine the stress, but if one could easily 
apply a factor which would give the correct 
result case by case, then we should have a 
much better opportunity of analysing our 
current practice and improving upon that 
practice. 

Mr. J. L. H. Bishop : In view of the photo- 
elastic tests, it would appear on the face of it 
that the bending strength factors of the 
B.S. 436 based on evaluation of cantilever 
strength, stand in serious need of revision. 
Since, however, Mr. Jacobson covered such a 
wide range of possible centre distances or, 
to use his own expression, “S” values, the 
deviations in strength factor for a narrower 
band of gear applications may not be so 
serious. This could only be verified by a 
series of stress calculations. It was hoped 
to have these figures available for the dis- 
cussion, but unfortunately this has not been 
possible. Whatever new method is adopted 
in the revision of the B.S. handbook on 
gears, it is the tensile fillet from which all 
fatigue failures originate. 

On the question of fatigue endurance of 
gears, the author is to be commended on the 
information which he has collected and 
collated on this subject. Much, however, 
depends upon the application and the 
industry concerned. For example, aero- 
engine gears and automobile gears are 
entirely different applications, both from the 
point of view of materials, heat-treatment, 
finish, production techniques and operating 
conditions. The stress engineer, however, 
tackles the problem in much the same way 
by realising that it is impossible to take into 
account all the variables, and having decided 
on a method of stressing builds up a body of 
comparative data of the different applications 
with similar conditions of operation and pro- 
duction. These figures are then correlated 
with failures on type tests with aero-engines 
and alternatively endurance runs in the auto- 
mobile. Fatigue tests on small specimens 
of different materials often show a promising 
development which can then be tried on 
the actual job. The figures of bending stress 
obtained on the gear application are recog- 
nised as purely relative and not absolute 
values, but do serve a very useful and practical 
purpose in guiding the designer when a 
higher power engine of the same basic type 
is contemplated. If it is known, for example, 
to have a larger resonant torsional oscillation, 
a tentative allowance can be made for this 
factor. 

With regard to stress concentration, the 
fact that stress concentration at the fillet 
radii is not taken into account in evaluating 
the bending strength factors of the B.S. No. 
436, is not considered serious in view of the 
existing knowledge of the subject at the time 
this standard was prepared. The range of 
stress concentration at the fillets with existing 
quantity production tolerances may be con- 






















































































494 


siderable, and the worst cases must generally 
be catered for if 100 per cent inspection is to 
be avoided. 

Mr. R. J. Love : I should like to refer to 

the expression given on page 12 of the paper 

for estimating the limiting stresses for car- 
burised gears. It is implied from this expres- 
sion that the limiting stresses are influenced 

by the strength of the core material, but I 

do not think that the experimental evidence, 

on which the author’s expression is based, 
can support this. 

The author has referred to the weakening 
effect that may result from grinding carbu- 
rised gears. In tests involving good commer- 
cial grinding, and involving the grinding of 
tooth roots, reductions of bending fatigue 
strength were very marked and variable, 
being 30 per cent, 35 per cent and 50 per cent, 
for three nominally similar gears ground by 
one method, and an average of 35 per cent 
for three gears ground by another method. 
From this there is, of course, a strong recom- 
mendation to use grinding methods which 
involve grinding only the working flanks of 
the teeth. 

I consider that the author is in some diffi- 
culty when he attempts to assess the level of 
stresses to be allowed in gear design. Many 
would disagree, for example, that the influence 
of surface condition on gear teeth strength 
can be deduced from work on rotating-beam 
specimens, without reference to such matters 
as size effect, stress gradient or residual 
stresses. To make allowances for the 
influence of variable loading is particularly 
difficult from the present state of knowledge 
on the subject of fatigue. The very valuable 
work which has been done on photo-elastic 
models will certainly assist in the design of 
stronger tooth forms and must lead to an 
increase of accuracy in gear design. How- 
ever, it would appear that the allowable 
stresses to be used in conjunction with the 
author’s method of stress determination can 
only be determined with reasonable accuracy 
from service experience and laboratory tests 
on actual gears produced under commercial 
conditions. 

Mr. H. P. Dancocks : Mr. Jacobson in his 
opening remarks anticipated my first com- 
ments and, in view of Dr. Merritt’s contribu- 
tion, it is with great trepidation that I range 
myself with Mr. Jacobson and reiterate what 
he said regarding the use of stress concen- 
tration factors, namely, that unless stress is 
accurately and easily computed, the use of 
the stress concentration factor does not seem 
to be fundamentally sound. Nevertheless, 
the stress concentration factor does exist in 
the fillet of gear teeth, and the author’s 
factors may still give conservative results 

when used with bending fatigue test data due 
to the sensitivity index of engineering 
materials. I should like the author to extend 
further his remarks regarding the adoption 
of finer pitch gears and their attendant 
advantages, because it does not seem to me 
at first sight that these advantages are in 
fact obtainable. For example, using finer 
pitch gears, I should imagine that actual 
cutter control would be more difficult. At 
first sight it appears that the proposed new 
strength factors merely necessitated using 
stepped-up stresses to restore the status quo ; 
but the range of percentage differences given 
in Table I between the proposed values and 
B.S. 436 converted values show that this is 
not so. 

Professor W. A. Tuplin : I think perhaps 
that I ought to point out at the start that for a 
great majority of gears this question of bend- 
ing strength is not critical, or need not be 
critical. Apart from gears made from case- 
hardened steel, it is almost always possible 










THE’ ENGINEER 


so to design them that strength as limited by 
bending stress is not a limitation at all. At 
present the most widely used means of 
assessing strength factors is that which 
appears in B.S. 436, but, of course, it is very 
restrictive. The strength factors there refer 
only to a series of arbitrary calculations 
between the addenda of pinion and wheel, 
whereas we have been told repeatedly over 
the last fifty years that the generated involute 
system is very adaptable. You can do a 
great range of things with it but the B.S. 
specification does not suggest that. It does, 
by confining itself to arbitrary addenda pro- 
portions, suggest that there is some special 
virtue in those proportions and it would 
deter the newcomer to the subject from 
thinking that he could safely depart from 
them. Why does it do so ? Possibly it is 
because in producing the present gear chart a 
great deal of work was required in working 
it out, and I do not suppose that anyone 
would have taken on himself the task of 
working out all the corresponding factors for 
all possible combinations of tooth and 
addenda proportions which the adaptability 
of the system does present. 

Coming back to the labour involved in 
presenting a really universal strength factor 
chart, the labour involved frightened off 
those who produced the B.S. chart, but Mr. 
Jacobson did not accept any similar limitation 
to personal inconvenience in undertaking his 
work. The number of factors which he has 
considered is very large, but even so it is 
much smaller than the possible number of 
combinations. Consequently it is inevitable 
that in order to obtain the strength factors 
for any combination which can be used, 
even from Mr. Jacobson’s comprehensive 
work, it is necessary to use interpolation. 
In the British Standards Specification even 
on its restrictive basis it is necessary to use 
interpolation. You cannot read off every 
calculation. The full adaptability of the 
involute system is not normally used by many 
people because the methods of using it are 
not very well presented. One excuse for not 
using it is the fact that the only available 
strength factors do not apply to one re- 
stricted use. Mr. Jacobson’s paper has gone 
a long way towards removing that excuse, 
and it would be of interest to find what excuse 
will be produced now in favour of it. 


With regard to the stress concentration 
factor, if you want a definition it is the ratio 
of the actual stress to that calculated by 
some nice, easy, convenient but inaccurate 
method! If we examine Mr. Jacobson’s 
figures and compare them with the British 
Standard, there is no common ratio between 
them. Mr. Jacobson takes a number of 
examples in his paper and for one material 
he suggests a basic allowable stress of 
51,000 Ib per square inch, and if you look up 
the British Standards Specification you will 
find that it is about two-thirds of that. So 
we can conclude by saying that we can use 
Mr. Jacobson’s strength factors in a formula 
for the load carrying capacity of gears on 
the basis of bending strength if you multiply 
by the factor of 14. If you do that, the 
author’s method will line up pretty well with 
what the British Standards Specification 
gives for its own particular field, but Mr. 
Jacobson’s method covers a much wider field 
as well. 

Mr. S. L. Harris : I have been particularly 
interested in the paper, because for some time 
we have been working at Cambridge on 
dynamic stresses in gear teeth using a photo- 
elastic technique. We have found that the 
actual forces between the teeth vary so widely 
that we found it necessary to leave con- 
sideration of fillet stresses on one side, and 
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concentrate on analysing the factors that 
give rise to maximum tooth contact forces 
The author’s results will undoubtedly be mos 
useful in the future when more is known 
about tooth loadings. The author SUggests 
analysing the contact stresses. As these are 
almost certainly Hertzian stresses with an 
occasional unknown tangential component 
I am doubtful whether their analysis woyij 
serve any purpose. The author also Suggests 
that the maximum tooth load will occur a 
the end of single tooth contact. This is on} 
true when the teeth are perfect, as the point 
at which maximum static tooth loading 
takes place will be governed by pitch and 
profile errors. So it is not as simple «s doing 
graphics and saying where the last point 
of single-tooth contact will occur. An error 
of 0-001in will throw it out a long way. With 
regard to dynamic tooth loads, the author 
suggests that their cause will be either pitch 
errors or torsional vibrations, and I suggest 
that this may be an over-simplification. | 
is not sufficient to know the maximum error 
to be able to find the maximum tooth force, 
Mr. M. L. Meyer : Improved gear design 
for strength would demand answers to three 
questions. The first is given a tooth shape 
and loading, what is the peak tensile fillet 
Stress ? Secondly, what is the actual instan. 
taneous loading as the teeth traverse the 
zone of contact, and thirdly, how can the 
ensuing actual peak fillet stress be evaluated 
in terms of the fatigue strength of the finished 
component ? In all three answers, a com- 
promise must be made between the demands 
for accuracy of the answer and for compre- 
hensiveness and simplicity of a resulting 
formula or graph. The importance of the 
paper lies in its answer to the first question. 
The author’s approach to an interpretation 
of fatigue data is very valuable for its com- 
prehensiveness at the present stage of know- 
ledge. However, he has to rely on admittedly 
vague service factors and it is unlikely that 
this fundamental limitation can be overcome 
until more is known of fatigue under actual 
service conditions, or conditions approaching 
them. After all, even tests on standard 
specimens are only “ qualitative” in the 
sense that they compare different materials 
under identical conditions, and the service 
factors simply mask this unsatisfactory state. 
There is one point on which the author's 
investigations may give valuable information. 
Fatigue very sensitively seeks out the actual 
point of peak stress and a crack, once started, 
usually follows the maximum stress gradient. 
Do actual tooth failures confirm the photo- 
‘elastic picture in this respect ? Is the differ- 
ence between the photo-elastic pattern and 
the geometrical assumptions underlying the 
Lewis formula sufficiently pronounced to 
indicate which method gives the more realistic 
approach, and lastly, does the point of maxi- 
mum fillet stress shift with a change in the 
position of the point of contact on any given 
tooth ? 
























































( To be continued ) 











NortH OF SCOTLAND Hypro-E.ectric Boarp.—The 
North of Scotland Hydro-Electric Board has published 
the Tummel-Garry Project (Amendments), Construc- 
tional Scheme No. 2A, covering the construction of a 
small power station in Glen Errochty, in Perthshire, 
which will add 1,750,000 units of electricity yearly to the 
estimated annual production of 300 million units of the 
Tummel-Garry Scheme. Under the Tummel-Garry 
Scheme, the Board is required to provide compensation 
water from the ages | dam to give a minimum flow in 
the River Errochty and it is proposed to use this water 
to produce power. The scheme includes the erection 
of an aqueduct from the reservoir in Glen Errochty to a 

ower station to be built just below the falls on the 
rrochty Water near Trinafour, with a tailrace to the 
oe Water. The station will have a capacity of 
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HE evening of Monday, April 4th, 
Fegeted the opening of the annual spring 
meeting of the Institution of Naval Archi- 
ects, Which this year was held at 10, Upper 
Belgrave Street, London, S.W.1, the head- 
yarters of the Institution. For many years 
the annual meeting has been held elsewhere 
in London, but owing to the completion of 
the long-delayed building scheme, which 
includes a lecture hall, it has been possible 
io hold such a gathering at headquarters. 

Viscount Runciman of Doxford formally 
declared the Weir Lecture Hall open. In 
the course of his remarks he commented upon 
the prudent financial policy of the Institu- 
tion which had made the reconstruction 
scheme a possibility, and the generous gift 
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the president’s chair and two flanking chairs 
of bleached mahogany and upholstered in 
blue leather, as are all the chairs in the main 
hall. As a background to the dais, which has 
a centre panel carved with a representation 
of a grant of Arms to the Institution, is a 
fabric panel symbolising the wide range of 
products of the shipbuilders art, and this is 
flanked by stone panels, one representing 
science in shipbuilding, and the other repre- 
senting the art of ship construction. There 
is a concealed screen, together with other 
equipment for the showing of films, and]there 
is a panel on the dais for the control of 
lighting, heating and ventilation. At the 
entrance, a small teak panel commemorates 
the gift and the opening ceremony, and in the 


Weir Lecture Hall in the headquarters of the Institution of Naval Architects 


of Lord Weir, which greatly facilitated the 
building of the hall. The president expressed 
the thanks of the Institution to those who 
took part in the building work and also to 
those who made gifts towards the furnishing 
of the room. He went on to say that the 
hall was designed for use and that the justi- 
fication for its existence would be the purpose 
to which it was put in furthering the advance- 
ment of the art and science of shipbuilding. 
The lecture hall, which we illustrate, has 
been built on the site of a house which was 
destroyed during the war and which was 
acquired, together with the premises now 
forming the headquarters of the Institution 
of Naval Architects. Plans were considered 
in 1946 for the repairing of war damage, and 
in 1950 a scheme incorporating replanned 
accommodation and a lecture hall was 
approved. In 1953 Viscount Weir of East- 
wood made a generous donation of £10,000 
to the Institution, and in the same year a 
licence to build was granted so that it was 
possible to put the work in hand. The hall 
has a seating capacity of 142 and there is a 
small annexe, with space for an additional 
thirty-six seats. Abura wood has been used 
for the panelling of the walls and is relieved 
with bands of sycamore and on the dais are 





lobby is an illuminated globe of the world. 

At the conclusion of the opening ceremony, 
the first Amos Ayre Lecture, which had been 
written by the late Sir Maurice E. Denny, 
Bt., under the title, ““The Man and His Work,” 
was presented by Edward L. Denny, his 
cousin and present chairman of William 
Denny and Brothers, Ltd. As the title im- 
plied, the lecture, which we summarise below, 
was concerned with the work and activities 
of Sir Amos Ayre in the service of the ship- 
building industry. His early training and his 
duties in the first world war were noted and 
also the founding of the Burntisland Ship- 
building Company in conjunction with his 
brother in 1918. Some six years later he 
began to participate in the general affairs 
of the industry, and in 1930 became president 
of the Shipbuilding Employers’ Federation. 
The lecture showed that Sir Amos was con- 
cerned with affairs covering a wide field 
extending beyond the industry itself. It 
touched upon his efforts during the years 
when the industry was struggling for econo- 
mic survival. Brief details were given of the 
many and varied activities in which Sir Amos 
was engaged at the time and which gave him 
scope to develop his gift foradministration, his 
liking for statistics and the use of his technical 
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knowledge and experience. All these engage- 
ments in affairs outside his private business 
stood him in good stead when he accepted, 
in 1936, the invitation to become chairman 
of the Shipbuilding Conference. This move 
caused Ayre to relinquish direct participation 
in shipbuilding to become, what was des- 
cribed in the paper as the senior civil servant 
of the industry. His work in the years 
immediately preceding the second world war 
was reviewed, and also his activities as 
director of merchant shipbuilding during the 
war, activities which were concerned with the 
development of steel fabrication and the 
planning for ship production at home and in 
the U.S.A. Inthe post-war period, Ayre was 
interested in the question of the efficiency 
of the shipyards, and gave encouragement to 
modernisation schemes, and the lecture went 
on to mention his efforts in the drive for 
increased exports and his advocacy for 
collective research by the industry. Amos 
Ayre was actively interested in the work of 
the British Shipbuilding Research Associa- 
tion and of the Admiralty Ship Welding 
Committee, and the paper recalled that he 
had contributed largely to the transactions of 
many technical societies, one of his particular 
subjects being the powering of ships. 

The appraisal of Ayre’s technical papers 
included extracts from one of his addresses, 
which illustrated his attitude to technical edu- 
cation, and the lecture concluded by stating 
that Amos Ayre was acknowledged as being 
one of his generation’s outstanding ship- 
builders, and recording the many honours 
with which his services had been recognised. 

Sir James McNeill expressed the thanks of 
the Shipbuilding Conference to Mr. Edward 
Denny, and recalled that the Amos Ayre 
Lecture, established to perpetuate the memory 
of Sir Amos Ayre and his services to ship- 
building, was to be delivered at intervals of 
three years. The present paper inaugurated 
the series and, he said, left the way open for 


“subsequent lecturers to write papers upon 


the subjects which had interested Sir Amos 
Ayre. 
( To be continued ) 





Technical Reports 


Structural Trials on S.S. “Ocean Vulcan” and 
S.S. “Clan Alpine’”—Report No. R12—Discussion of 
Results. The Admiralty Ship Welding Committee. 
H.M.S.O., 1954. Price £1 5s.—The trials of the 
almost wholly welded S.S. “‘ Ocean Vulcan ”’ and the 
S.S. “Clan Alpine,” which is mainly riveted, were 
conducted as part of the general investigation of the 
relative structural behaviour of welded and riveted 
ships. For reasons given in Report R.8 it was con- 
sidered impracticable to take the direct measurement 
of the stresses in the ships’ structures while at sea, and 
an indirect approach was adopted in which the trials 
were divided into two parts. First, the still water 
stresses and deflections were measured on each ship, 
both ships being of almost identical form and dimen- 
sions, the changes of stress and deflection being 
imposed mainly by controlled and calculable changes 
of longitudinal bending moment. From the results, 
stresses at various points and the overall deflection 
of both ships were derived for certain arbitrary 
standard values of bending moments. 

So that the bending moments and other actions, 
encountered by these ships at sea, could be deter- 
mined the “‘ Ocean Vulcan” was equipped with 
necessary instruments and the second part of the trial 
carried out at sea. The results of the two parts of the 
trial are summarised in the report, separate sections 
dealing with the still water trials and the trials at sea, 
and by correlation of both sets of trials it shows the 
probable magnitudes of the stresses and deflections 
in both ships under severe service conditions. The 
investigation confirms the findings of earlier experi- 
ments which indicated that the differences in struc- 
tural behaviour between welded and riveted ships 
are secondary in character and are due mainly to 
differences in design rather than to the structure as a 
whole. After making due allowance for local 
inequalities it was found that the distribution of 
longitudinal stresses in both ships was similar and in 
general agreement with the beam theory. 



















































































Transformer Lamination Assembling 
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| nee ee ac maa are being given at the 
works of the Automatic Coil Winder and Elec- 
trical Equipment Company, Ltd., 92-96, Vaux- 
hall Bridge Road, London, S.W.1, of a machine 
which automatically assembles laminations in 
transformers. This machine is of Continental 
design and the firm has acquired the selling and 
The machine handles 
E- and J-laminations from 0-008in to 0-032in 


manufacturing rights. 


thick, and it is made in two sizes for laminations 
between 2-75in and 5-12in wide and between 
2in and 4-37in wide. Providing the laminations 
are of reasonably constant thickness and are of a 
kind of iron easily lifted by permanent magnets, 
it is possible to pack a transformer coil fully so 
that there is no need to insert any further lamina- 
tions by hand. At normal machine speed it is 
possible to insert up to eighty-eight laminations a 
minute in a transformer coil. 

The general arrangement of the machine can 
be seen in the accompanying illustration. It is 
driven through reduction 
gearing and belts by a 
1 hp. motor in the 
lower part of the cabinet 
base, and all the move- 
ments are controlled 
through a main camshaft 
which runs across the 
full width of the machine. 
For the mechanical 
operation of lamination 
insertion the coil is fitted 
with a special guide plate 
and then placed in a 
recess in the centre of 
the table of the machine. 
When a clamping arm 
is then swung over and 
locked in position the coil 
is pressed down against 
the spring-loaded base 
of the recess to set the 
guide plate in line with 
longitudinal slideways 
extending to the right 
and the left along the 
length of the table. 

The pairs of E- and 
I-laminations are stored 
in four special contain- 
ers, one container being 
set adjacent to each end 
of two bridges extending 
across the width of the 
machine on each side of 
the coil clamping 
station. In operation the 
laminations are picked 
up from each of the four 
containers and inserted 
in turn into the coil. 
The laminations are 
picked up from the con- 
tainers by sets of perm- 
anent magnets extending 
down from a plunger 
mechanism mounted on 
a reciprocating slide on each bridge. Each slide 
is fitted with two sets of pick-up magnets, and 
as it shuttles back and forth across the width of 
the machine it picks up an E- and an J-lamination 
from the containers at the back and the front of 
the machine at each stroke. 

When the two laminations on the pick-up 
magnets at one end of a slide reach the centre 
of the machine there is a short dwell period 
whilst a shaft along the top of the bridge is 
turned through a few degrees. Links extending 
from this shaft push the spring-loaded magnet 
assemblies downwards. At the bottom of this 
stroke the laminations are pulled off the pick-up 
magnets by a. set of slightly more powerful 
magnets in the main longitudinal slideway. 
Simultaneously the pick-up magnets at the other 
end of the feed slide contact the E- and I-lamina- 
tion in the container at the other side of the 
machine. The magnet assemblies then rise and 








the slide is ready for the next cross movement to 
bring a set of laminations over the longitudinal 
slide on one set of pick-up magnets and position 


the opposite magnets over the other container. 


As the pick-up magnets are raised the set of 
laminations deposited in the main longitudinal 


slideway is contacted from the rear by a pusher 
block actuated through an arm and lever mecha- 


nism at the end of the table. This pusher block 


slides the laminations along guide ways into the 
transformer coil, the E-lamination entering first, 
followed by the I-lamination. The I-lamination 
is pushed in below the rear part of the E-piece, 
which is held up by springs in the base of the 
slideway. At the end of the insertion stroke the 
pusher arm is retracted at high speed. 

This sequence of operations is effected from 
both ends of the machine and the timing is such 
that successive laminations are picked up and 
fed into the coil from each of the four containers. 
The camshaft control of the mechanical linkage 


Machine for automatically assembling laminations in transformer coils 


ensures that each sequence of lamination inser- 
tion is completed before another movement 
starts and a slipping clutch in the drive prevents 
damage to any component parts should a lamina- 
tion jam. By working with laminations supplied 
from four individual containers no time is lost 
in return movements of the pick-up slides on the 
bridges. It will be seen that as one set of lamina- 
tions is being picked up at one end of the machine 
a second set on the same slide is being deposited; 
at the same time a set of laminations is being 
inserted in the coil from the other end, whilst 
that slide is traversing across to the pick-up and 
depositing station. 

As the laminations are removed from the 
containers the stack is automatically raised by 
the thickness of one lamination at each stroke 
through a rack and pinion mechanism. This 
mechanism is preset according to the thickness 
of the laminations by movement of a pointer 
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over a graduated plate on the front Of the 


machine. A handwheel on one side at the fro 
of the machine can be used to operate it at sl ’ 
speed when setting. <a 

A preset revolution counter is fitted and 
through it the machine is automaticaly stopped 
when the required number of laminations has 
been inserted. In order to keep the mechanism 
in continuous operation spare sets of Containers 
can be loaded with laminations whilst it is work. 
ing. When one set of containers is erpty it can 
quickly be removed by the unlockiniy of quick. 
acting hinged clamps and replaced by the second 
set. All of the guides of the machine are adjyg. 
able to suit the size of the laminations being 
handled, and for each size of lamination the 
machine has to be fitted with appropriate cop. 
tainers, pick-up magnets, bridge pieces and ¢ojj 
holder. 





Erne Drainage and Hydro-Electric 
Scheme 


SHORTLY after the outbreak of war the Elec. 
tricity Supply Board in the Irish Republic 
developed a scheme for generating electricity in 
the portion of the Erne which flows through 
County Donegal (Irish Republic). The Board 
was aware that its scheme could be considerably 
supplemented if it could draw off a greater flow 
of water from Lower Lough Erne (Northem 
Ireland) and it was therefore suggested to the 
Northern Ireland Government that the Board 
would pay for the widening and deepening of 
the outfall channel from Lower Lough Erne. 
The fall in the river channel in Northern Ireland 
is so small as to make hydro-electric develop. 
ment in Fermanagh out of the question. The 
shouldering by the Electricity Supply Board of 
the cost of widening and deepening the outfall 
channel enabled a drainage scheme to be carried 
out at a cost which was not prohibitive. 

The works being carried out at the expense of 
the Electricity Supply Board are, in the main, 
the deepening and widening of the river channel 
between Rosscor and Belleek, the construction of 
a new road bridge at Belleek to replace the 
existing bridge (which is a serious obstruction to 
the flow of water), the construction of a barrage 
with sluices and navigation lock downstream of 
Enniskillen, ‘the removal of the barrage and 
Sluices at Belleek, the underpinning of Rosscor 
viaduct and other necessary incidental works. 
The Act authorising this work also permitted the 
carrying out of a scheme for improving drainage, 
commonly referred to as the “‘ Summer relief 
scheme,” for its object is to prevent, as far as is 
possible, any flooding around Upper Lough 
Erne during the growing season—April to 
September. 

The work of widening and deepening the 
outfall channel is expected to be substantially 
completed by about the end of next September. 
Work under the contract for the new road bridge 
at Belleek was commenced in January, 1954, 

_and is timed for completion in November of this 
year. The underpinning of Rosscor viaduct will 
be completed in a few months’ time. The 
contract for the construction of the new barrage 
at Portora was let in July, 1953, and is due for 
completion in January, 1956. Under the 
Summer relief drainage scheme about 500,000 
cubic yards of material (some of which is rock) 
has to be removed from the inter-lough channels, 
a new bridge has to be built to replace the 
existing Carry Road bridge, and underpinning 
works have to be carried out at West Bridge, 
Enniskillen. The Carry bridge contract was 
let in May, 1954, and is due for completion in 
July, 1956. The inter-lough dredging contract 
was placed in December, 1954, and should be 
completed about September, 1957. It is esti- 
mated that the works being carried out at the 
expense of the Electricity Supply Board will cost 
over £1,500,000 and that the Summer relief 
drainage scheme will cost over £500,000. 





WATER SOFTENING AND CORROSION PREVENTION.—A 
leaflet has been issued by Albright and Wilson, Ltd., 
49, Park Lane, London, W.1, explaining the application 
of “ Micromet ” in order to prevent scale formation and 
rust in the smaller kinds of system such as diesel engine 
coolers, air conditioning plant and certain refrigerating 
circuits. “* Micromet ”’ is a slowly soluble metaphosphate 
which is added by means of the simple arrangements 
described to the extent of a few parts per million. 
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former-Rectifier Power Unit 
Tas" for Welding 


sFORMER-RECTIFIER power unit that ig 

eloped by Crompton Parkinson, Ltd., 
ban i, London, W.C.2, for stud welding 
ind manual arc welding is illustrated here. It 
vrovides a choice of three outputs—one for 
ud welding up to tin diameter studs—another 
jor single operator arc welding with current up 
i 400A, and a third for two independent arc 


A TRAN 





Transformer-rectifier power unit for stud welding and 
arc welding 


welding operators using up to 200A each. The 
required output is rapidly selected by means of a 
three-position switch and facilities are pro- 
vided for independent remote control of arc 
welding currents. The new equipment thus 
avoids the need for providing separate power 
sources for stud welding and arc welding, or for 
making cumbersome adaptations to stud welding 
power sources so that they may be employed 
toa limited extent for arc welding. 

The new power pack consists basically of a 
three-phase, air-cooled transformer, which is 
suitable for input voltages of 210/250V and 
360/440V and for operation on a 40 to 100 c/s 
supply ; two banks of selenium rectifiers which 
can be operated either in parallel or inde- 
pendently, according to the position of the 
selector switch ; and two magnetic amplifiers 
which facilitate fine control of current when the 
equipment is used for arc welding. The latter 
facility, in conjunction with two continuously 
variable rheostats connected by 20ft of cable, 
enables the operator to make accurate adjust- 


Rising table plough in working position with conveyor belt removed 


to show table assembly 
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ment of the current at the point of welding. 

Cooling is effected by a totally enclosed fan ; 
if the fan motor stops for any reason a centri- 
fugally operated switch interrupts the exciter 
supply, thereby reducing the output to a safe 
evel. 

An important characteristic of this equipment 
is the so-called “‘ hot start’ wnereby a 25 per 
cent current increase occurs momentarily at 
the start of arc welding and provides for easy 
striking of the arc. Its current recovery time is 
comparable with that of an arc welding trans- 
former. 

All components are contained in a rust-proof 
metal housing and have been designed to operate 
in both tropical and arctic conditions. It is 
4ft high, 3ft 10in deep and 2ft tin wide, and 
the gross weight is 114 cwt. Provision is made 
for remote control and, therefore, it is not 
necessary to have this power pack close to the 
point of welding. 





Plough for Troughed Conveyor 
Belts 


PARTICULARS have been received of a plough 
for use on troughed conveyor belts which is 
Stated to overcome certain disadvantages en- 
countered with throw-off carriages or trippers 
in removing materials from belts at points along 
their length. The device was developed by 
Commander J. H. Middleton, R.N. (Retd.), for 
installation at a number of points along a con- 
veyor system handling two or more different 
materials. It is relatively cheap and simple to 
install and is stated to eliminate the time required 
in repositioning self-propelled trippers on a long 
belt and it enables maintenance or repairs to 
be carried out whilst the conveyor remains in 
service. 

The equipment, which can be seen in the 
accompanying illustrations, is of particularly 
simple construction and the design is based 
upon the plough or cut-off knife long used on 
flat band conveyors. It is known as the “ rising 
table plough,” and its operation depends upon 
the fact that a plough requires a flat surface 
upon which to work effectively. The table of 
the device is pivoted on four links below the 
conveyor belt, and through these links the table 
is raised to lift the moving belt above the level 
of the troughing idlers. When the links have 
raised the table sufficiently to bring the belt back 
to its normal flat shape, they pass over the top 
dead centre. At this setting the links contact a 
transverse stop and are automatically held there 
to maintain the table in its working position. 

A plough assembly supported by side members 
above the belt is coupled to the table linkage so 
that as the table is raised the plough blade is 
brought down into contact with the surface of 
the belt. The weight of the ploughshare is 
counterbalanced so that it rests lightly on the 
belt, and its actual pressure on the belt is imparted 
by the load of the material being carried along 
on the belt. The degree of this pressure is con- 
trolled by the design of the links and the height 





Rising table plough in inoperative position with blade raised and 
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Plough in operation removing material from section 

of troughed belt raised and flattened by table 
of the plough’s axis above the belt. When the 
plough is not in use the blade is raised above the 
level of the material on the troughed belt, and 
the table lies below the bottom of the belt, so 
that neither touches it except in the working 
position. 

The device is of straightforward welded con- 
struction except for the table, which is of cast 
iron, and in its assembly no close-fitting work is 
needed. In fact, enough play is given in all the 
links and shafts to permit the table and plough- 
share to align themselves to the belt within 
reasonable limits. Only the ploughshare and 
the table are subjected to any wear and they are 
made easily detachable, by the removal of 
cotters, so that they can be turned over to 
present new working surfaces when necessary. 
The whole assembly can be removed from the 
conveyor by the removal of a few bolts and 
without affecting other discharge points. This 
only entails stopping the belt for about ten 
minutes. The lever mechanism is adaptable for 
operation by a hydraulic cylinder or similar 
means with remote control. 

We are informed that twelve of these rising 
table ploughs have been in satisfactory service 
on a 24in troughed conveyor belt in a large 
chemical works for the past twelve months. 
This belt has been carrying 350 tons of graded 
coal and crushed ashes a day at a speed of 
250ft per minute, and no trouble has been 
experienced with the equipment. After about 
six months the ploughs dealing with crushed 
ashes had worn down about tin, leaving a step 
at the edge of the band track, and this step was 
ground off to avoid damage to the edge of the 
band. It has not been found that the use of 
the ploughs on a long belt increases the driving 
motor load significantly, provided that the ploughs 
are correcly adjusted. The ploughs normally 
work on a continuous jointless belt, but it has 
been proved by trial that they will ride over 
a “ Mastarbar ” band clip, so that this kind of 
fastening can be used for an emergency repair. 


table lowered 
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Flood Discharges in the Lynmouth 
Flood of August, 1952* 


By C. H. DOBBIE, M.LC.E., F.G.S. 


CATASTROPHIC floods occurred on the night of 
August 15, 1952, in North Devon, when there 
was considerable loss of life and great damage 
was occasioned. The small seaside village of 
Lynmouth suffered the greatest damage. The 
hydraulics and hydrology received a compre- 
hensive treatment by the author and P. O. Wolf 
in the paper ““ The Lynmouth Flood of August, 
1952,” Institution of Civil Engineers, May 28, 
1953. One main point of discussion was the 
method of assessment of flow after the flood had 
passed. The present paper elaborates on this 
point in much greater detail than could be given 
in the original paper, which embraced so many 
aspects of the flood. 

Flood discharges were calculated by the 
author’s staff from actual measurements at twelve 
selected gauging sites. They were also calculated 
independently by P. O. Wolf from rainfall maps 
prepared by the Meteorological Office based on 
their rainfall measurements and observations of 
the area. Mr. Wolf’s calculations gave maximum 
discharges as follows :— 

East Lyn River, 13,000 cusec; West Lyn 
River, 8000 to 8500 cusec; from combined 
catchment area, 21,000 to 21,500 cusec. 

At the twelve selected gauging sites, cross 
sections were taken, together with the mean slope 
of the river. The maximum depth was measured 
from the evidence left by the flood. Manning's 
formula was applied to these hydraulic data to 
arrive at discharges. A value of the roughness 
element of the formula “2” had to be selected 
for each cross section, and this was done by an 
engineer experienced in torrential river flow. 
With rivers as steep as 3 per cent or even greater 
and carrying boulders sometimes as big as 
3ft cube (3ft by 3ft by 3ft) Manning’s formula 
is more a useful device than the truly representa- 
tive picture of flow that it is under less torrential 
conditions. Under torrential conditions, when 
velocities are critical or nearly critical, they are 
independent of slope and roughness. Manning's 
formula, however, is employed as a standard 
practice and so has many useful comparisons. 
The value of “‘””’ was selected on experience, 
but as a guide the selector made various calcula- 
tions as follows :— 

(1) At gauging sites where the bed was formed 
of small and closely packed pebbles, the value of 
Chezy “‘ C ”’ was calculated by use of the formula 


quoted by Professor C. M. White : 
C=32 logue( 13 x ais per second, 


where 
d=mean depth in feet. 
k=mean size of bed material in feet. 

(2) At gauging sites with bed material formed 
by large loose boulders values of Chezy ‘“ C” 
were calculated from the formula quoted by 
Dr. Nemenyi, which is a variation of Prandtl’s 
formula : 


C=32¢ logw(0-47"), 
ky 
where 
m= hydraulic mean radius, 
and 


k,= ih where k is the mean size of boulder. 


In both these cases the value of “C” 
then converted to a value of “‘ 7.” 

(3) At gauging sites where there was a measur- 
able constriction the flow was checked by 
critical discharge formula : 

A® «Q? 
B 2” 


was 


where 
A=cross-sectional area. 
B=width at water level. 


a=coefficient of correction for variations of 
velocity from mean. Values of « were 
assumed to be between 1-2 and 1-5, 
dependent on the site. The value of “n” 
was calculated back from this critical velocity 
formula. 

. Abstract from a paper entitled ‘“‘ Methods of Assessment of 
Flood Discharges as Applied to the Lynmouth Floods of August, 
1952,” reproduced from the 1954 Bulletin of the International 
Commission on Irrigation and Drainage. 
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(4) As an additional check a formula quoted 
by Professor Jack Allen was employed, based 
on experiments on rows of concrete blocks which 


would be moved at certain velocities. The 
formula is : 
y - ae Fi 
(321 ) p 
l 
where 


y=mean velocity at section when the uni- 
formly scattered concrete blocks just 
move. 
L and /=dimensions of blocks in feet. 
h=depth of water over blocks in feet. 
p and p’=specific gravity of blocks (2-5) and water 
(1-0). Again “‘ n” was calculated back 
from this discharge formula. 


By comparing the results obtained from (1) 
and (2) and (3) and (4) a final value of “‘ 2” was 
selected for each gauging cross section. These 
values varied from 0-029 to 0-08. Prandtl’s 
formula alone sometimes gave higher values of 
““n” approaching to 0-11. These values were 
decreased on the evidence of the other checks. 
The results for maximum discharge of the catch- 
ment areas were East Lyn River 14,700 cusec, 
West -Lyn River 8900 cusec, and from the com- 
bined catchment area 23,600 cusec. So the dis- 
charges calculated from gauging site measure- 
ments were higher than those calculated from 
rainfall. 

An independent additional check was provided 
by a model of a peculiar constriction on the 
West Lyn River not far above its confluence with 
the East Lyn River. This model, constructed by 
the author’s staff, was investigated by P. O. Wolf 
at the Hawksley Hydraulics Laboratory, Imperial 
College, and was found to give a maximum flood 
discharge of 7800 cusec as compared with 8900 
cusec by gauging stations and 8200 cusec by 
rainfall. 

The model discharge is probably nearest to 
the actual discharge and indicates an over- 
estimation by other methods of the order of 10 
per cent. This indicated that the high “n” 
values derived from the Prandtl formula are 
frequently justified. 

The author’s results were later recalculated 
independently by E. S. Crump, Sir Claude Inglis 
and T. M. Prus-Chacinski. Mr. Crump employed 
Boussinesq’s critical velocity formula : 


v=V gm 
and also G. Lacey’s formula : 
v= 16(mii*)ft per second, 
where 
v=mean velocity. 
m=hydraulic mean radius. 
i=slope. 


His calculations have shown values about 10 
per cent less than the author’s for most of the 


gauging sites, but his discharge figure for the . 


combined catchment area of 24,000 cusec is 
higher. 

The results from G. Lacey’s formula show that 
it should not be applied to a torrent as it was 
expressly devised for regime channels. 

Sir Claude Inglis also used Boussinesq’s 
formula, confirming the results of Mr. Crump. 

Mr. T. M. Prus-Chacinski recalculated all 
the cross sections employing Matakiewicz’s 
formula : 


v=35:+4m®7j@-493-191) metres per second. 


This formula was developed in Poland from 
very many measurements of the natural rivers 
and torrents, and although somewhat similar to 
G. Lacey’s formula does not require the river to 
be in regime. It is unique in that when the slope 
exceeds 1-5 per cent there is no increase in dis- 
charge above the 1-5 per cent figures. The 
formula can be rewritten in the form, 


= Wm) $,(i) metres per second, 


and can be solved by special tabulations or by 
nomograms. 

Results of these calculations show discharges 
as East Lyn River 12,600 cusec, West Lyn River 
8600 cusec, from combined catchment area 
21,200 cusec, again lower than the author’s 
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original calculations. Summarised, the resy! 
can be shown in a table : uls 
| > - 
Formula or method used + erg W ost mined 
catchment areas inn” 
(1) Rainfall per P.O. Wolf... ......). 21,0002] _ 
(2) Manning’s formula-author ..._.. 1} 600 
(3) Boussinesq’s formula, E. S. Crump 4000 
and Sir Claude Inglis : 
(4) Lacey’s formula, E. S. Crump 8.700 
(5) Matakiewicz’s formula, T. 1.200 
Prus-Chacinski . 





The most striking feature of the ‘able js the 
high measure of agreement. Matakiewicy’, 
formula and rainfall calculations are ¢log 
together at lesser values than the othe: s, Probably 
indicating the nearest values to the truc discharge 
Discharges by the Manning formula would 
have been nearer if the author had used higher 
value of “n” as shown by use of Prandtl’s 
formula. In actual design, the figure of 25,09 
cusec used allows some margin for an even greater 
intensity of rainfall in the catchment area. 

It is possible todraw some general conclusions 
having useful application elsewhere : 

(1) In steep torrents carrying large boulders, 
discharge can be calculated with reasonable 
accuracy either by using frictionless formule 
not based on regime rivers or by critical velocity 
formule which should include a correction factor 
for curvilinear velocity distribution. 

(2) If Manning’s formula is used, good results 
can be obtained if the value of “ n”’ is obtained 
through the use of Prandtl’s formula. 





Machine Mountings 


A MACHINE mounting, which is designed to 
eliminate need for foundation bolts, facilitate 
levelling on uneven floors, and isolate vibration, 
is made by Cementation (Muffelite), Ltd., 38, 
Victoria Street, London, S.W.1, in a number of 
sizes with load ratings from 70 Ib to 2500 Ib. 

The arrangement of a typical mounting can be 
seen in the drawing reproduced below. It 
consists of an inverted cup-shaped, steel top 
cover member with a dished inner steel member, 
the two parts being attached together by a 
heavy block of bonded rubber. An annular ring 
of steel is bonded to the base of the rubber block, 
which is hollowed out in the centre. A hole in 
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Arrangement of mounting before and after levelling a 
machine 


the centre of the cover is threaded for the 
reception of a bolt used for the attachment and 
levelling of the machine. 
Each foot of a machine is placed on a mounting 
and the bolt passed through the foot and screwed 
into the cover plate. As the bolt is then screwed 
down it contacts the recessed centre of the inner 
member of the mounting and raises the cover and 
machine. By further adjustment of the bolts 
the machine is levelled, and its full weight 1s 
transmitted through the rubber block to the 
annular support ring before the locking nuts on 
the bolts are screwed down. With this arrange- 
ment the machine is suspended on the rubber 
blocks, which serve to prevent vibration being 
transmitted from the machine to the surrounding 
floor area, or from the floor to the machine. 





NATIONAL SMOKE ABATEMENT SocieTy.—The National 
Smoke Abatement Society states that Lord Horder has 
accepted nomination as president to succeed Sir Ernest 
Smith next September. The Society’s annual conference 
is to be held at Bournemouth from September 28th to 
30th. During the conference the Des Voeux memorial 
lecture will be delivered by Dr. A. Parker, director of 
the Fuel Research Station on ‘‘ The Destructive Effects 
of Air Pollution on Materials.”’ 
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Combustion Equipment for 
Lancashire Boilers 


werecen' iy visited the dye works of J. Turnbull 
Sons, at Hawick, where tests have recently 
been carried out by the National Industrial 
Fuel Efficiency Service on the company’s Lan- 
qshire boilers, which have been fitted with the 
Ashworth system of balanced air draught. This 
gstem, which was introduced before the war, 
ig made by Thomas Ashworth and Co., Ltd., 
Vulcan Works, Burnley. Our illustration shows 
, section of a fire tube to which the grate and 
plowing equipment of the system have been 


The improved efficiency of Lancashire boilers 
when using this equipment springs largely from 
the shape and orientation of the fire bars. 
These louvred fire bars are separate and inter- 
jock transversely with one another, the required 
spacing being obtained by integral lugs. They 
are supported only at their ends, which rest on 
side bars positioned by dead plates of special 
design. The geometry of the grate considerably 
increases the air space, improves the distribution 
and prolongs the life of the bars by virtue of 
their large surface area and more even tempera- 
ture distribution. The bars do not stand ver- 
tically but are so sloped that the air meets the 
bed at about 45 deg. 

The grate thereby operates with a very low 
air pressure and the main suction damper 
opening can be considerably reduced. This 
reduces the speed of the flue gases and allows the 
boiler to absorb more of the heat. 

The principle of the balanced draught is an 
adjustment of the suction and pressure air 
dampers, with suitable instruments providing for 
reading of suction and pressure at any moment, 
and a quick “‘ balancing” of the two by the 
fireman. 

The supply duct to each furnace has a control 
damper to vary the air volume to meet steam 
requirements and is used in combination with the 
main suction damper to maintain a balance over 
the fuel bed. When the draught is “‘ balanced,” 
cold air infiltration is considerably minimised. 

Provision is made for a secondary air supply 
over the fires. ‘* Blow-back”’ is prevented by 





Fire tube of Lancashire boiler, showing the special fire bars and blowing equipment 


an automatic safety device. The balanced draught 
condition is made immediately obvious to the 
fireman by an 8in dial zero draught gauge which 
is connected to each furnace, and a freely 
swinging diaphragm. ; 

The report of the tests to which we have 
teferred showed that the efficiency obtained was 
one of the highest measured on Lancashire 
boiler plant by N.I.F.E.S. survey teams. The 
boiler plant consists of two Lancashire boilers 
fitted with Holehouse stokers and the Ashworth 
system. A Green’s economiser is installed behind 
the boilers. bh 

Two boiler tests were carried out on similar 
steam loads of approximately 11,500 Ib per hour, 
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the first with both boilers sharing the load and 
the second with one boiler carrying nearly all the 
load, the second boiler being brought in for 
peaks only. The results, on gross calorific value 
“o as fired (11,637 B.Th.U. per pound) are as 
ollows :— 

















; No. 1 Test | No. 2 Test 
Per cent | Per cent 

Useful heat recovered by : 

(2) OMMD vec ose cee ase 08s aes 69°3 63-1 

ee 9-9 10-1 
Overall efficiency of plant ... ... ... 799-2 | Re 73-2 
Evaporation from and at 212 deg. Fah., 3 9:03 eee 

Ib water/Ib fuel 








The dye company has also compared the coal 
consumption during the period of the installation 
of the system, May 17, to December 25, 1954, 
with the corresponding period of the previous 
year, the figures being :— 


| May 16 to 
ID ber 26, 





. May 17 to 
D ber 25 














1953 1954 
Average weekly coal consumption, 50-35 44-5 
tons 
Average weekly evaporation, pounds} 82,738 | 81,640 
(including jet} 
steam) 
Average weekly Ib/water per Ib/coal,| 6-95 


} 
8-29 
pounds 


} 





This record indicates a fuel saving of 11-6 per 
cent. Conversion of existing plant, the company 
states, can be simply and quickly undertaken 
and it results in a minimum fuel saving of 10 
per cent. 





Chip-Breaking Twist Drills 

A NEw twist drill known as the “‘ Chipbreaker,”’ 
which has been developed by Firth Brown Tools, 
Ltd., Sheffield, is designed to increase cutting effi- 
ciency by chip control. It has a milled rib extend- 
ing along the length of the flutes which gives 
the controlled chip-breaking action. Normal re- 
sharpening practice can be followed with the 
drills and, as the rib ex- 
tends the full length of 
the flutes, the chip- 
breaking action is im- 
parted throughout the 
life of the drill. 

Inintroducing the drill, 
the makers point out. 
that the usual methods 
of chip control practised 
for many years give ser- 
ious limitations in that 
the width of the chip 
only is reduced by inter- 
ruptions in the cutting 
edges of the drill. The 
length of the chip is 
not affected in any way 
and the resultant weak- 
ening of the cutting 
edges of the drill has 
restricted development 
of the principle. 

With the new drill the 
chip is severed from the 
work along the full 
length of the cutting 
edge, and slides down the 
flutes towards the chip- 
breaker ribs, against 
which it curls and breaks 
off in short lengths. This rib imparts a tight 
curling action to the chip and, as the cutting 
edge is inclined at an angle to the chipbreaker 
rib, a shearing action is also im . The 
formation and controlled breaking of the chips 
resulting from the combination of these two fac- 
tors can be seen in the photographs we repro- 
duce. 

By effectively breaking the chips, the drills 
make faster drilling times possible, particularly 
in deep hole horizontal drilling, where the num- 
ber of withdrawals to clear a drill is reduced 
owing to the small size of the chips produced. 
The small chips also permit coolant to flow more 
freely to the point of the drill to give improved 
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heat dissipation and drilling performance. A 
further advantage is that the long spiral swarf 
produced in drilling with standard drills is 
replaced by small chips which can be easily 
handled and transported, and the danger of 
flying swarf injuring operators is eliminated. 

The makers do not claim that chip-breaking 
can be given on all materials and feed rates. 
Drilling at fine feeds per revolution on low 





Chip curling by contact with rib in drill flute before 
breaking off 


tensile materials produces thin chips of high 
ductility which are passed along the flutes as a 
straight chip. When the point is correctly ground, 
ensuring equal length cutting edges and con- 
stant clearances, effective chip-breaking has been 
achieved employing lin diameter “ Speedicut 
Chipbreaker ” drills drilling low tensile mild 
steel at feeds per revolution as low as 0-004in. 
The influence of correct point grinding is also 
shown by a marked improvement in the finish 
and size of the holes. 

It is stated that the addition of the chipbreaker 
rib gives increased strength of section without 
detracting from the normal amount of flute 
space, so that the drill becomes more rigid in 
operation. Where conditions do not allow chip- 
breaking, this increased rigidity has been found 
to show a marked increase in the number of holes 
obtained per regrind. 

At present, drills of the new design are being 
made in sizes from ~in to 14in diameter, with 
Morse taper shanks Nos. 2 and 3, and other 
sizes will be introduced later. 





Chip being formed at point of drill 
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Reinforced Concrete Bridges Con- 
structed Since the War* 


By W. A. FAIRHURST, M.1.Struct.E.f 


I HAVE derived a great deal of enjoyment from 
studying numerous fine reinforced concrete 
bridges constructed in various parts of the world 
since the war, and in selecting from them six 
designs of special merit on which to comment. 
Unfortunately, due to the serious neglect by the 
authorities of roads and bridges in this country 
during the past ten years, not a single British 
bridge could be seriously considered even as a 
competitor for this distinction. 

A selection of this kind is largely a matter of 
personal opinion, as there are no absolute 
values by which one can judge the finer points 
of bridge design, and I should even be a little dis- 
appointed if the majority of engineers agreed with 
my choice. I have omitted from the chosen six 
any bridge which did not appear to comply with 
reasonable esthetic requirements, no matter 
how great the technical difficulties were in any 
particular design. Almost all the bridges did 
possess, in some degree, good lines and freedom 
from irrelevant and trivial ornament, but some of 
the bridges which otherwise showed great tech- 
nical competence proved that all engineers have 
not yet learned their lesson from the many ugly 
bridge structures erected before 1939. 

There has evidently been considerable activity 
in bridge building abroad, and the bridges I have 
chosen are representative of work in Switzerland, 
Germany, Brazil, Italy, France and the U.S.A. 

The Gueuroz Bridge, which was designed by 
Professor A. Sarrasin, is illustrated here. This 
slender and graceful structure includes two 
amazingly slim arch ribs of 323ft span. The arch 
ribs are only 3ft 7in deep by 24in wide at the 
crown and 6ft 7in deep by 24in at the springing. 
Such small depths are only possible because of 
the deep parapet girders which act as stiffeners. 
The artistry of the bridge design is almost 
equalled by the following effective paragraph, 
which appeared as a description of the function 
of the parapets : 

“To give the maximum security to vehicles 
solid parapets have been used. These serve as 
stiffeners in the arch ribs on the centre span.” 

The apology for the necessary depth of the 
stiffener girders serves to emphasise the achieve- 
ment of the slender arches. It would have been 
almost impossible to provide the necessary over- 
all stiffness required without beams of the depth 
used. Vertical posts of ‘“‘T” section have been 
used to carry the deck structure, everything being 
done to increase the general slenderness. 

This type of bridge is really a kind of inverted 
suspension bridge and requires very good work- 
manship from the contractor if the reinforcement 
is to be properly protected against the elements. 
The design carries on the tradition of the fine 
work done by Robert Maillart, and Switzerland 
can be very proud of having produced such a 
masterpiece. Elaborate centering was required, 
and great constructional difficulties had to be 
overcome by the contractors. 

The bridge over the Tiefe Tal at Rosshaupten, 
Bavaria, is another bridge with a glorious setting 
and the design is a particularly pleasing one. Two 
arch ribs, of box section, span 255ft, with a rise 
of approximately 41ft. The beautiful arch ribs 
are surmounted by thin posts which carry the 
deck structure. A most effective yet simple 
design of metal railing completes a picture 
worthy of its wonderful background. As the arch 
is of parabolic form, even the foreshortened 
views look well. The construction of a bridge 
in a ravine of this kind is always a difficult job, 
and the design of the elaborate three-hinged 
truss used for the centering was, in itself, a fine 
engineering achievement. Jacks were built in 
at the crown to allow for the distortion due to the 
shortening of the arch. 

Two of the principal features in the success of 
this design are the uninterrupted sweep of the 
road line and the graceful soffit curve of the arch 
ribs. The absence of distracting detail, combined 
with the two features just mentioned, make this 
an outstanding contribution to bridge design, 
and the engineer is to be congratulated, and so 

* Paper presented at the Pavings Development Group (Cement 
and Concrete Association) meeting at the Institution of Civil 


Engineers, Wednesday, March 30, 1955. 
+ Partner, F. A. Macdonald and Partners, consulting engineers. 
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Bridge at Gueuroz, Switzerland 





Bridge at Rosshaupten, Germany 


San Niccolo Bridge, Florence, Italy 
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are the contractors for exceptionally good work- 
manship. 

It is interesting to compare the. Rosshaupten 
Bridge with the Gueuroz Bridge, and to observe 
the great difference in treatment of the two 
structures at deck level. In one case there is a 
light metal railing to increase the lightness of 
the deck construction (and let the motorist look 
after himself) and in the other case a solid para- 
pet which, together with the depth of beam below 
deck, adds to the effect of lightness of the arch 
and vertical posts. It is difficult to say which 
of these two bridges is the greater masterpiece. 

The bridge over the Rio das Antas, Brazil, is 
claimed to be the second largest reinforced con- 
crete arch span in the world, and from our illus- 
tration it will be seen that nothing has been done 
in the design to detract from the grand beauty of 
the two great arch ribs. It is unfortunate and 
father surprising that the longest arch span in 
the world, the Sand6 Bridge in Sweden, which 
has a span of 866ft, has such a curiously unsatis- 
fying appearance. Nothing can detract from the 
great technical achievement of constructing such 
a large span, but somehow the road line and the 
arch soffit line of the Sand6 Bridge do not appear 
to harmonise. 

In the present case the road line sweeps right 
across the valley and blends well with the two 
great arch ribs. The two arch ribs are hollow in 
cross-section, 9-84ft deep at the crown and 16-4ft 
deep at the springing, with a uniform width of 
4:93ft. The arch ribs are at 28ft 6in centres. 
The posts supporting the decking are 23-6in 
square. The arch rise is 92ft, and the design and 
construction of the arch centering was a formid- 
able undertaking. The arches are supposed to 
be of catenary form, which is satisfactory from 
an esthetic standpoint for a high rise, even in the 
foreshortened view. Allin all, a very fine achieve- 
ment. 

One of the flattest arches ever constructed was 
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Bridge on the Meuse, Liege, Belgium 


used in the San Niccolé Bridge, Florence. 
This bridge has a span of 303ft and a rise of 
28ft 6in, giving a span/rise ratio of 11-4. The 
arch shape is parabolic, giving a satisfactory 
appearance from any angle. The crown thick- 
nes is 4ft Sin, and the springing thickness 11ft 8in, 
with a linear variation in thickness between 
crown and springing. The arch is of box section, 
with eight vertical stiffeners, each 9ft apart. The 
vertical ribs are joined by top and bottom slabs 
varying in thickness from 12in to 3ft 3in. The 
bridge has a width of 70ft. The abutments are 
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splendid design and technical competence, and 
only minor faults detract slightly from its great 
merit. 

The Jacques-Boulloche Bridge at Bezons (as 
illustrated at the foot of this page) is a 
girder bridge with beautiful soffit lines, which 
has a central span of 312ft and two side spans 
of 176ft. There is a hinge at the crown of the 
central span and rocker supports at the ends of 
the side spans and at the river piers. The ribs 
have a depth of 4ft 9in at the crown and approxi- 
mately 26ft at the centre supports. 

To avoid obstructing river traffic, an elaborate 
method of constructing the concrete box girders 
was required, using steel lattice girders spanning 
from the abutments to the central piers. The 
lattice girders were made of built-up sections 
bolted together with Bailey bridging. The rein- 
forced concrete portions of the bridge over the 
piers were cast first and then used as supports 
for the lattice girders by means of joists, as the 
girders were launched from the bank to the 
central pier. Construction then proceeded 
simultaneously on the other side of the pier and, 
after portions of the concrete had hardened, the 
joists supporting the lattice girders were moved 
forward in order to shorten the span. 

This bridge was a fine technical achievement 
in view of the foundation and construction diffi- 
culties, and its lines are extremely pleasing. It 
is unfortunate that the system of construction 
makes it exceedingly difficult to produce a fair 
face to the spandrel walls, and there is much to 
be said for using facing slabs to the spandrels, 
as was done in the case of Waterloo Bridge. 

Squirrel Hill Viaduct, near Pittsburgh, is a 
pleasing example of a multi-span arch design. 
The three arch spans of approximately 180ft have 
a span/rise ratio of about 2. 

This is a simple and graceful structure with a 
fine road line and beautifully delicate arches. 
The vertical posts are slender and there are no 
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Elevation of Rio das Antas Bridge, Brazil 


of cellular construction and the whole design 
is full of interesting detail. 

The third illustration on page 500 shows what a 
graceful structure this is, its beauty above road 
level being enhanced by a most original parapet 
design in concrete, which seems to harmonise 
with the top of the building which can be seen 
just across the river. It is unfortunate that some 
flaws in the concrete work are shown where the 
spandrel walls run into the arch slab. The prob- 
lem of arranging lifts of concrete so that the lines 
of construction joints will not be unduly evident 
is always difficult, and many fine structures 
have been spoiled in this way. In the present 
case, we have a very fine bridge embodying 






Jacques-Boulloche Bridge at Bezons, France 


distracting details. In the past, many American 
bridges have been spoiled by massive pier con- 
struction over the centres of the arch supports, 
and in many cases the piers have been carried up 
to interrupt the sweep of the road line. 

A notable bridge was completed in 1949 over 
the River Paraguay on the railway between 
Santos and Bolivia. It has a length of 6591ft, 
with a main arch span of 360ft, and is undoubt- 
edly one of the major engineering works con- 
structed in the past decade. In appearance, how- 
ever, it is fussy, elaborate and unsatisfying. A 
great opportunity missed. 

A bridge over the Meuse at Liége has a pleasing 
appearance, and the good lines of this city bridge 
are not spoiled by the elaborate sculpture on the 
cutwaters and approaches. It is illustrated 
above. 

Amongst other interesting bridges almost 
worthy of a place in the first six are the bridge 
at Conflans-Fin-d’Oise, the bridge over the 
upper canal at Heilbronn and an arch bridge 
over the River Artuby, in France. It is a pity 
that Britain cannot provide even a runner-up, 
but let us hope that the position will be very 
different in a few years’ time. Waterloo Bridge 
is worthy of comparison with almost all the 
masterpieces discussed here, and British engineers 
only need the opportunities to emulate their 
foreign contemporaries. 





ALUMINIUM IN SHIPBUILDING.—We are informed by 
the Institute of Welding that a joint symposium on the 
Use and Welding of Aluminium in Shipbuilding is to 
be held in London at the Institution of Naval Architects 
on December 7th and 8th. 
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Work of the U.S. Atomic Energy 
Commission 


BY OUR AMERICAN EDITOR 


The seventeenth biannual report to Congress of the U.S. Atomic Energy Com- 
mission (A.E.C.) stresses the fact that an event of great significance during the 
latter half of 1954 was the enactment of the Atomic Energy Act of 1954, which 
became law on August 30th, when President Eisenhower signed the Cole-Hicken- 
looper Bill. It is the first complete revision of the statutory charter of the Com- 
mission since the passage of the original legislation in 1946. The paramount 
objective of the A.E.C. has not been altered : to make the maximum contribution 
to the common defence and security. What is new is an added emphasis on the 
development of peaceful uses of atomic energy. Workable authority has now 


been provided to permit greater international co-operation, 


to increase the 


participation by private enterprise, and to assure an effective dissemination of both 
scientific and industrial information. 


ie its operations under the old law, the Atomic 
Energy Commission, in giving priority to its 
work on nuclear weapons, had not neglected 
the development of peacetime applications of 
atomic energy. The progress in the development 
of power and research reactors, the growth of 
the industrial participation programme, the 
remarkable expansion in the varied uses of radio- 
active isotopes and the continuous support of 
basic and applied research are evidences of the 
faith of the agency in the future of benign uses 
of the atom. The Atomic Energy Act of 1946 
recognised that advances in the art would make 
revision of the basic statute necessary and desir- 
able. The new law reflects the decision that this 
time has arrived. 


PRODUCTION OF URANIUM 


To meet the projected uranium metal feed 
requirements, on October 12, 1954, the Com- 
mission announced an expansion of its facilities 
at Fernald, Ohio, and St. Louis, Missouri. An 
estimated 20,100,000 dollars will be expended 
to expand the Fernald feed material centre, 
which is operated by the National Lead Cor- 
poration. The existing refinery and metal plant 
capacity at St. Louis, which is operated by the 
Mallinckrodt Chemical Company, will be 
expanded at a cost of 6,500,000 dollars. 

On November 11, 1954, the Commission 
signed a contract with the Mississippi Valley 
Generating Company providing for the delivery 
of 600MW of electric power to, or for, the account 
of the Commission. This contract was negotiated 
in compliance with a directive from the President 
to the Commission to make arrangements for 
the purchase of power from private sources in 
order to reduce, by the autumn of 1957, the exist- 
ing commitments of the Tennessee Valley 
Authority to the A.E.C. The power supplied 
under the contract will be delivered to the T.V.A. 
near Memphis, Tennessee, and arrangements are 
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and Hanford, and at December 31, 1954, was 
estimated to have risen to about 6200 million 
dollars. Except for production plant facilities 
at Portsmouth, and the expansion of process 
facilities at Oak Ridge, most of the major con- 
struction in the present programme is nearing 
completion, and activity has begun to taper off. 
The costs incurred for new plant and equipment 
amounted to 1220 million dollars during the 
fiscal year 1954, constituting a new peak for the 
atomic energy programme. During this period, 
A.E.C. construction costs accounted for about 
34 per cent of the American total construction 
volume. 


REACTOR DEVELOPMENT 


The Commission’s programme of developing 
reactors for industrial and military power and 
for naval and aircraft propulsion progressed in 
several phases during the last six months of 1954. 
Ground was broken for the first American 
nuclear power plant, the first atomic submarine 
began its sea trials, and industry took an active 
interest in the field by investing private funds in 
a study of the peaceful applications of atomic 
energy. With the need and feasability of nuclear 
power already established, the Commission 
evolved a pattern for research and development 
from which it believes will come nuclear power 
plants that will compete with other sources of 
energy. During the past six months, an increas- 
ing number of American industrial firms invested 
their money in studies in the field of reactor tech- 
nology. Several of these have shown an intense 
interest in the Commission’s power demonstra- 
tion reactor programme, under which the A.E.C. 
will consider bearing a portion of the expense of 
reactor plants “leading to the demonstration 
of the practical value of such facilities for indus- 
trial or commercial purposes.” Each proposal 
from industry to build and operate power 
demonstration reactors under this programme 
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17th. In addition to work on seve 
for underwater craft, plans are now 
for a nuclear power plant for ; 
vessel. The table herewith outlines 
programme of the A.E.C. for industri 
power development . 

Ground was broken for the consi: :ictj 
first American civilian nuclear ;: 
ceremonies held at Shippingport, | 
near Pittsburgh, on September 6, |')54, 
of this plant and its pressurised \. ; 
were published in THE ENGINEER 
1954, 

The boiling experiments condu: ie 
Argonne National Laboratory at ic N 
Reactor Testing Station in 1953 we 
June, 1954, after some modificatio) 
ditioning of the facility. One fina! 
** excursion ’’ was performed on Ju 
this test, the power was allowed t 
over a million kilowatts in a tenth of a second 
This “ excursion ” resulted in destruction of the 
reactor core and some associated equipment, , 
result which was recognised as a distinct possi. 
bility in planning this test. The conditions 
imposed for this “ excursion ” were much more 
severe than those which are expected to occur 
in any reasonably conceivable accideni. During 
the summer of 1954, a second boiling reacto; 
experimental installation was constructed at the 
National Reactor Testing Station a short dis. 
tance from the original installation. This reac. 
tor, which began operation on October 19, 1954. 
was built to demonstrate the operational relia. 
bility of a boiling water system and is similar in 
construction, but operates at a higher power 
(6000kW of heat) and a higher pressure (300|h 
per square inch) than the previous experiment, 
The prototype boiling water power reactor 
(EBWR) is proposed for construction at the 
Argonne National Laboratory. The reactor 
and power generating equipment will be housed 
in a gas-tight steel shell, having a volume of 
about 400,000 cubic feet. The reactor, which will 
operate at a power of about 20,000kW and gene- 
rate 5O000kW of electricity, will be light-water- 
moderated and cooled. The fuel elements are 
mostly natural uranium, with a few enriched 
elements being necessary to obtain criticality. 
The Allis-Chalmers Manufacturing Company 
was awarded a contract to design, develop, con- 
struct and install the power generating, heat 
transfer and special equipment for the power 
cycle. The contract specifies that the power 
system components to be developed will be leak- 
proof, which is desirable from an operating 
standpoint. Leak-proof systems are particu 
larly important to the technology of boiling 
reactors using expensive heavy water instead 
of light water. It is hoped that this reactor 
power system will be producing experimental 
amounts of power by the end of 1956. 

The first sodium-cooled, graphite-moderated 
reactor (SRE) in the United States is now under 
construction. Ground was cleared and founda- 
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being made with the T.V.A. for the delivery of an 
equivalent amount of power to A.E.C. installa- 
tions at Paducah, Kentucky, and Oak Ridge, 
Tennessee. As power under this contract becomes 
available, the Commission plans to release the 
T.V.A. from a portion of its commitments under 
its existing contracts. 

The capital investment of the United States 
in atomic energy facilities continued its steady 
growth, largely as a result of progress in the 
construction of new major facilities at Oak 
Ridge, Paducah, Portsmouth, Savannah River, 


will be evaluated on the basis of its contribution 
toward the development of economically com- 
petitive nuclear power, the cost to the A.E.C. 
in funds and materials, the relative risk assumed 
by the licensee in proportion to the amount of 
assistance requested of the A.E.C., the compet- 
ence and responsibility of the licensee, and ade- 
quate assurances given by the licensee against 
abandonment of the project. 

The first nuclear-powered submarine, the 
U.S.S. “ Nautilus,” was commissioned last 
September, and began its sea trials on January 


tions are being laid at the reactor site near Santa 
Susana, California. North American Aviation, 
Incorporated, is contributing 25 per cent of the 
estimated 10,000,000 dollars required for the 
project in accordance with a contract between the 
company and the Commission covering the 
period 1954-58. The sodium reactor exper 
ment is being built to advance the technology 
of sodium-graphite systems and to aid in evalt 
ating the economics of this reactor for powel 
production. The SRE will be constructed under- 
ground, in a tank filled with liquid sodium, into 
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ius of zirconium-canned graphite 
» placed to act as moderator. This 

ign uses metallic fuel” elements of either 
dightly enriched uranium or a combination of 
thorium and uranium. ’ 

The Commission has now entered the second 
hase in its development of homogeneous reac- 
ee with the construction of the homogeneous 
reactor experiment No. 2 (HRE No. 2) at 
the Oak Ridge National Laboratory. The first 
hase of the development programme was HRE 
No, 1, which was dismantled in the spring of 
i954, In a homogeneous reactor, the fuel is 
dissolved in a liquid moderator and the entire 
lution is circulated as the coolant. Thus, this 
reactor more closely resembles a modern chemi- 
cal plant than heterogeneous reactors in which 
fyel and moderator are separate. The HRE 
No. 2 is designed so that several homogeneous 
ystems may be tested with comparatively minor 
modifications of the original reactor installation. 
The first experiment is intended to prove the basic 
component design, as well as the overall opera- 
tional reliability and ease of maintenance. The 
HRE No. 2 is to be placed underground in a 
steel-lined reactor tank. The construction of 
this tank has been completed and the installation 
of the “low pressure system” is in progress. 
Contracts were awarded and fabrication started 
on all major equipment, including the heat 
exchangers, core tank, pressure vessel and cir- 
culating pumps. Experiments using an “ in-pile 
loop” of circulating fuel simulating the condi- 
tions to be encountered in HRE No. 2 were 
successfully conducted in the low intensity test 
reactor at Oak Ridge. The third phase of the 
homogeneous programme is the medium-sized 
homogeneous thorium reactor (HTR). Deve- 
lopment work on components for this reactor is 
now proceeding. 

The development of reactors capable of pro- 
ducing more fissionable material than they con- 
sume remains an important objective of the 
reactor development programme. The operation 
of the experimental breeder reactor No. 1 


which colu 
plocks will 


(EBR No. 1), which went critical at the National 


Reactor Testing Station in Idaho in 1951, con- 
tinues to contribute to the fast breeder pro- 
gramme. The first core of the EBR No. 1, con- 
sisting of enriched uranium, produced over 3 
million kW of heat. The reactor is now operating 
on a second uranium core installed during the 
early months of 1954. A third core, this time 
made of plutonium, is scheduled to be loaded 
into the reactor during the first part of 1955. 
Breeding occurs in the blanket of natural uran- 
ium surrounding the core. The programme 
leading to the construction of a second consider- 
ably larger experimental breeder reactor (EBR 
No. 2) is now well advanced. The EBR No. 2, 
which is being developed and designed by the 
Argonne National Laboratory, will produce 
62,500kW of heat and generate 15,000kW of 
electricity. The reactor will eventually be fuelled 
with a uranium-plutonium alloy with a blanket 
consisting of natural or depleted uranium. The 
present schedule calls for construction to start 
in 1955, and operation to begin in 1958. During 
the past six months experimental studies of sub- 
critical core assemblies for a fast breeder were 
carried on at the Argonne National Laboratory. 
Several hundred sets of measurements were made 
of the distribution of neutrons to be found in 
such sub-critical arrays of various compositions 
— neutrons from a source reactor are fed into 
them. 

At the testing station in Idaho, the building 
to house the zero power fast reactor was com- 
pleted. The critical assembly will begin opera- 
tion soon, and will provide information on such 
factors as critical mass, breeding ratio, and power 
| distribution in the core of EBR No. 2. A half- 
scale working model of EBR No. 2 was con- 
structed at the Argonne National Laboratory to 
demonstrate the engineering feasability of the 
design, and this model began operation in 
March, 1955. An essential requirement for the 
development of a fast breeder reactor power 
Plant is a facility for the fabrication of fuel ele- 
ments containing plutonium. The design of the 
fuel fabrication building -is nearing completion 
and its construction at the Argonne National 
Laboratory is scheduled to begin this year. 

An industrial liaison branch has now been 
established in the reactor development division. 


THE ENGINEER 


** CP-5 ’’ heavy-water-moderated, enriched uranium pile at the Argonne National Laboratory 


This branch is charged with the responsibility 
of encouraging wider participation by industry 
in the peaceful application of atomic energy. 
The programme for industrial participation 
through study groups has also been broadened to 
allow a wider segment of industry to take advan- 
tage of the available technology. To expedite 
the peaceful uses of atomic energy, a new pro- 
gramme of access agreements permits industrial 
concerns to have individuals ‘‘cleared’’ to receive 
limited categories of information. Programmes 
of commercial activity and licensing are being 
developed to permit new companies and com- 
panies already in the programme to design, con- 
struct and operate reactors or related facilities. 
A comprehensive unclassified training programme 
in reactor technology is being developed. Present 
plans call for the establishment of an inter- 
national school at the Argonne National Labora- 
tory. The school began in March, 1955, with a 
four-month unclassified training programme in 
the broad fields of reactor technology, followed 


by a three-month session of applied engineering 
projects. The Oak Ridge School of Reactor 
Technology will continue with its classified 
training programme for recent university gradu- 
ates and men from industry and the Government. 

In December, 1954, a contract to design, 
build and test operate a prototype “* package ” 
nuclear power plant for military use was awarded 
to the American Locomotive Company. The 
plant—known as the army package power 
reactor (APPR)—will be built at Fort Belvoir, 
Virginia, which is the site of the U.S. Army 
Corps of Engineers Training Centre. It will be 
based on a design by the Oak Ridge National 
Laboratory of a pressurised light water reactor 
using enriched uranium fuel. Studies by the 
Army and the Commission established that such 
plants at remote bases would be technically 
feasible and have strong military advantages. 
For example, use of a power reactor plant, 
with components transportable by air, could 
reduce the amount of bulky conventional fuels 


Control room of ‘‘ CP-5”’ research reactor at the Argonne National Laboratory 
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that must be transported to support a military 
operation. In addition, a plant of this kind, 
which could be transported and erected anywhere 
in the world, should contribute to the objective 
of utilising atomic energy commercially. 

The illustrations on the previous page show 
the ““CP-5” research reactor which recently 
went into operation at the Argonne National 
Laboratory. This reactor may be regarded as a 
successor to those which have been in operation 
at this laboratory for the past decade ; it is a 
heavy-water moderated, enriched uranium pile. 
In principle it is quite similar to its predecessor, 
““CP-3,” but it has been designed for high 
specific power and, accordingly, for high neutron 
flux. The heavy water is contained in a right- 
cylindrical tank, about 6ft 6in in diameter, 
mounted vertically. The tank is pierced by 
horizontal beam holes, and vertical thimbles 
extend through the tank cover. Rectangular 
fuel assemblies, made of sandwiches of 
aluminium and uranium enriched with uranium 
235, are grouped in the central part of the tank. 
Cooling water is pumped over the fuel assemblies 
at the rate of about 1200 gallons per minute. 
The critical mass of the reactor is about 1400 
grammes ; 7 tons of heavy water serve as 
primary coolant and as moderator. 

Although the research reactor provides a wide 
variety of experimental facilities, it is necessary 
to follow procedures in their use which will 
assure the least interference with all experi- 
menters using the reactor at the same time. To 
accomplish this the reactor will be operated at 
its normal power rating of 1000kW with as few 
shut-downs as possible. To provide irradiations 
of short duration for samples up to 14in diameter 
and Sin long, certain facilities have been incor- 
porated in the reactor which will allow the 
insertion and removal of sample materials or 
irradiation targets while the reactor is operating. 
Such facilities do not provide access to the highest 
flux regions of the reactor, but will permit samples 
to be placed in thermal neutron fluxes of about 
10° to about 3 10" per square centimetre per 
second. Smaller light-weight samples may be 
inserted and removed pneumatically for short 
irradiations in thermal neutron fluxes of about 
1 x 10** per square centimetre per second. 

Irradiations in neutron fluxes ranging from 
7x 10" to about 2x 10" per square centimetre 
per second may be obtained by placing materials 
in vertical thimbles which penetrate the reactor 
shield and reflector and terminate in the 
moderator adjacent to the reactor core. For the 
use of these facilities, the reactor must be shut 
down while inserting and removing the target 
material. Irradiation of irregularly shaped or 
larger targets may be accomplished in thermal 
neutron fluxes ranging from the order of 10° to 
10** per square centimetre per second by use of 
other facilities as they are available. These larger 
dimension facilities are chiefly for supplying 
neutron beams for a variety of experiments and 
their arrangements require the reactor to be shut 
down for insertion or removal of targets and 
other devices. The two “ rabbit” holes of the 
reactor are useful in the study of elements with 
short half-lives and are pneumatically operated 

to make possible a rapid passage of samples 
into and out of the high flux region near the core. 


PHYSICAL RESEARCH 


During the past six months, cesium 137, which 
is a long-lived, gamma-ray-emitting fission 
product, was separated from irradiated reactor 
fuel at Oak Ridge and made into a large radiation 
source for a new teletherapy unit. The source, 
which is to be used for cancer research by the 
medical division of the Oak Ridge Institute of 
Nuclear Studies, is in the form of two small 
pellets about I4in in diameter, 4in thick and 
weighing a little more than an ounce. Neverthe- 
less, the source contains 1540 curies, equivalent 
to more than 20,000,000 dollars worth of radium. 

A new facility capable of separating and purify- 
ing fission products for the production of large 
radioactive sources for industrial, medical and 
other uses has now been approved for construc- 
tion at Oak Ridge. The new plant will greatly 
expand the “hot chemistry” facilities in the 
radioactive isotope programme of the Com- 
mission. It will provide equipment for separating 
and purifying kilocurie quantities of important 
long-lived fission products and for fabricating 
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them into large radiation sources. The plant 
will have capacity for the separation of 200,000 
curies per year of cesium 137, as well as large 
quantities of strontium 90, which is a valuable 
source of beta radiation. The fabrication facilities 
will be capable of producing single radiation 
sources containing approximately 2000 curies 
each, with provisions for combining two or more 
2000 curie units into larger sources. 

Among the fission products of uranium are two 
elements not yet found in the earth’s crust. 
These are promethium, a rare earth having an 
atomic number of 61, and technetium, an element 
resembling manganese and rhenium, with an 
atomic number of 43. All of the isotopes of 
promethium and technetium produced by 
uranium fission are radioactive. Fortunately, 
in one case each, the half-lives for their decay 
are long enough so that weighable amounts of 
them remain in process waste solutions. Small 
quantities of both elements were isolated from 
these intensely radioactive wastes in the “‘ hot ” 
laboratories at Oak Ridge recently. The chemical 
and physical properties of the synthetic element 
technetium are of particular interest. Pure 
metallic technetium is silver-grey in appearance 
and shows a very high melting point. Its density 
is approximately the same as that of silver, and 
it is slightly magnetic. Technetium dioxide 
occurs as a black solid resembling manganese 
dioxide. Elemental technetium is of interest 
from the point of view of a reactor material. 

At Oak Ridge an improved method was 
developed for determining the isotopic composi- 
tion of elements in extremely small amounts of 
solid samples. The basic method involves 
vaporising the sample inside a mass spectrometer 
and then ionising the vapour by electron bom- 
bardment or by surface ionisation. The isotopic 
ratios of interest can then be determined. The 
introduction of iridium heater strips, on which 
the sample is placed and subsequently vaporised, 
simplified and improved the technique. It was 
found possible to load several types of samples 
on a single heater strip and vaporise them sepa- 
rately at increasing temperatures, thus conducting 
several isotope assays in succession. The chemi- 
cal inertness of iridium makes possible the 
isotopic assay of most elements in the form of 
any solid compound, thus simplifying the 
chemical pre-treatment of the samples. The 
surface ionisation characteristics of iridium were 
at least equal to those of other materials used. 

An unusual opportunity for research is afforded 
by the abundant supply of neutrons emerging as 
beams from several reactors of the A.E.C. The 
diffraction of such neutrons by crystalline 
substances constitutes a valuable method of 
determining the chemical structure of the 
material. Neutron diffraction is similar to X-ray 
diffraction in that a pattern is observed either 
from a single crystal or from a powdered sample, 
in which each spot or line of the pattern corres- 
ponds to a logical scattering of the neutrons or 
X-rays from a recurring unit of the crystal 
structure. Interpretation consists in assuming a 
structure and in calculating from it the diffraction 
pattern to be expected. The calculated pattern 
is then compared with the observed pattern. The 
calculations are repeated for successive modifica- 
tions of the assumed structure until the patterns 
match. It has been found that neutron and 
X-ray diffraction are complementary, and that 
some problems are better attacked by one than 
by the other. Of great chemical interest is the 
fact that neutron diffraction can be used to 
investigate the positions of hydrogen atoms in 
crystals, whereas X-rays usually cannot. 

The relationship between pressure and melting 
of low-boiling gases in the solid state was 
investigated at the Los Alamos Scientific Labora- 
tory with improved apparatus and techniques. 
The freezing and melting transitions of helium 3, 
helium 4, neon, nitrogen and oxygen were 
studied, temperatures as low as —458-1 deg. 
Fah. and pressures as high as 54,000 Ib per square 
inch being used. In this work a phenomenon 
analogous to super-cooling was observed and 
has been termed “ super-pressurising”’ at the 
laboratory. For example, it was found possible 
to apply to liquid oxygen a pressure of some 
7000 Ib per square inch above the normal 
equilibrium freezing pressure before solidification 
took place. It was also found possible to apply 
shear forces across solidified gases without 
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appreciably changing the melting point. 
of oxygen with a small amount otf 
the melting point. 

The corrosion of aluminium in water at 
high temperatures is being studied at the Ar 
gonne National Laboratory. Serious Corrosion 
was observed, but the corrosion resistance 
was remarkably improved when smal! quantities 
of certain inorganic salts were added to the water 
The same effect was observed in neutral solution 
and in slightly acid solution, sulphuric acid being 
used to render the solution acidic. These corto. 
sion inhibitors prevented blistering of the metal 
during a forty-eight-hour test period, and there 
was evidence that no blistering would occur if the 
test period was extended for twenty-four days, 

At the Brookhaven National Laboratory the 
behaviour of materials of construction fo; 
reactors, such as steel, when in contact with 
molten bismuth are under investigation. It was 
shown that the mode of corrosion is by the 
dissolution of the steel in the hot moiten metal, 
If the molten metal is cooled, a large fraction of 
the iron that is dissolved in the hot bismuth js 
precipitated out. Thus, in a closed circuit, such 
as is used in transferring heat from the reactor to 
a heat exchanger, the iron is transferred by the 
fluid from the hot region to the colder regions, 
It was shown that the addition of smal! quantities 
of metallic zirconium to bismuth markedly 
reduced this transfer. In experiments in which 
radioactive zirconium was used, the zirconium 
was deposited on the steel surfaces. 

In the electromagnetic separation of stable 
isotopes at Oak Ridge a new ion source operating 
in the temperature range 1800 deg. Cent. to 
2800 deg. Cent. was developed and used in 
obtaining, for the first time, gramme quantities 
of the isotopes of the refractory metals—ruthe- 
nium, palladium, iridium and platinum. The 
successful processing of these elements now 
brings to forty-eight the number of elements 
whose isotopes have been separated. Progress 
was also made in developing ion sources and 
isotope collectors for the production of quan- 
tities of enriched isotopes. Gramme quantities 
of separated isotopes are used especially in 
neutron cross section measurements and in the 
preparation of cyclotron targets for the produc- 
tion of essential radioactive isotopes. Many of 
these radioactive isotopes have important appli- 
cations and cannot be obtained satisfactorily by 
any other means. Calcium 46, manganese 54, 
and iodine 130 are examples of isotopes being 
investigated for medical research. 

At the Argonne National Laboratory it was 
found that alpha particles shot into helium or 
argon or mixtures of these gases with nitrogen 
gave pulses which were readily measurable with 
photo-multipliers, thus making possible a new 
type of scintillation counter. The principal 
advantages over other designs are high speed and 
insensitivity to gamma rays. At Los Alamos 
such counters using krypton were found to be 
useful for cases in which the large number of 
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In the field of particle accelerators, the initial 
operation of the bevatron at the University of 
California Radiation Laboratory began in 
February of last year, when protons were 
accelerated to an energy of about 5000 MeV. 
Performance continued to improve, and by April 
a proton beam energy of 6100 MeV was attained. 
A bombardment of targets with 6000 MeV pro- 
tons is expected to produce particles previously 
undetected in a laboratory. There is particular 
interest in the use of the bevatron to study mesons. 
The higher energy from the bevatron is expected to 
open up a new range in the spectrum of these 
particles. Experiments are also planned with 
protons, neutrons and mesons, using a great 
many target materials to study their absorption 
and their scattering. 

During operation of the cosmotron at the 
Brookhaven National Laboratory on November 
5, 1954, a short circuit developed in the main 
magnet winding in the south-east quadrant near 
the south straight section, as a result of a water 
leak in a cooling tube. It was tentatively esti- 
mated that three to six months’ shut-down 
time would be required for repairs. This affords 
an opportunity for incorporating improvements 
in the machine, and ejection magnets are being 
installed to facilitate getting the beam out of 
the cosmotron, thus increasing its effectiveness. 
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Works Managers’ Conference 


A national conference, arranged by the Insti- 
tution of Works Managers, was held in London 
on Thursday, Friday and Saturday of last week. 
its general theme was “* Maintaining Prosperity 
by Efficient Management,” and during the con- 
ference there was formally inaugurated an indus- 
irial engineering division which the Institution 
has established. 

The opening address at the conference was by 
Mr, Harold Watkinson, Parliamentary Secretary 
io the Ministry of Labour, who spoke of the 
increasing importance of industrial management 
in this country’s economy. Mr. Watkinson said 
that the works manager was in a key position, 
whether his undertaking numbered its employees 
by the thousands, or whether he was in a modest 
fim with a small pay-roll. The works manager’s 
initiative and driving force, his courage and 
enterprise, and his persistence, were of the utmost 
value to the nation’s industrial well-being. 
Mr. Watkinson went on to emphasise the need to 
make the best use of skilled men. The demand 
for skilled labour, he said, could be met only if 
it was recognised that skilled labour was not to 
be picked up simply for the asking, and all the 
country’s resources were utilised in a careful and 
intelligent way. The future development of 
atomic energy and of new manufacturing tech- 
niques would greatly increase the skilled labour 
demand. There must also be borne in mind, 
therefore, Mr. Watkinson added, the importance 
of training and apprenticeship as a longer-term 

licy. 
or. Watkinson then referred to the need for 
goodwill and co-operation between management 
and workpeople, which, he said, could be deve- 
loped into a “ powerful urge towards efficiency.” 
Machines or management or production tech- 
niques might be highly efficient, but they could 
fail to give the best results if the general morale 
of an establishment was low where it should be 
high and enthusiastic. Efficient industrial pro- 
duction, Mr. Watkinson commented, was not the 
automatic result of new methods or new machines. 
It could only come from teamwork, and good 
teamwork meant not only good leadership but 
good understanding. 


Coal Supplies 


Several questions about coal imports were 
asked in the House of Commons on Monday. 
In reply to them, the Parliamentary Secretary to 
the Ministry of Fuel and Power, Mr. L. W. 
Joynson-Hicks, said that in the twelve months 
ended February 28th, 4,235,000 tons of coal 
were imported into this country. Of that 
amount, 935,000 tons came from the U.S.A. and 
Canada, and 3,300,000 tons from other sources. 
Mr. Joynson-Hicks added that currency con- 
siderations were amongst those affecting the 
question from where coal was imported, but 
there were other questions, such as the availa- 
bility of required grades, prices and shipping 
facilities. In the twelve months ended February 
28th, Mr. Joynson-Hicks stated, the c.i.f. value 
of coal imports was £24.000,000 and the f.o.b. 
value of coal exports was £58,000,000. 

The latest figures from the Ministry of Fuel 
and Power about this country’s coal output 
show that in the first thirteen weeks of this year, 
ended last Saturday, it amounted to 58,762,900 
tons, compared with 59,830,900 tons in the 
corresponding weeks of last year. Production 
from the deep mines so far this year is now 
about 600,000 tons lower than in the comparable 
period of 1954, and the quantity gained from 
opencast workings is about 450,000 tons less. 
Last week’s production, totalling 4,698,000 tons, 
was 70,000 tons higher than in the comparable 
week of last year. The losses of deep-mined 
output, so far this year, through disputes and 
recognised holidays, have been estimated at 
862,900 tons. Colliery manpower continues to 
be around 708,000, of whom 290,700 are working 
at the face. Absenteeism in the week ended 
March 26th was 13-11 per cent, which was 
slightly higher than a year earlier, but output 
per manshift at the face, at 3-317 tons, was an 
improvement on that achieved in the corres- 
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ponding week of 1954. Total coal consumption 
in the first twelve weeks of this year was 
60,806,000 tons, which figure includes exports 
amounting to 2,581,000 tons. 


Index of Industrial Production 


The central statistical office of the Treasury 
has stated that the provisional index of industrial 
production (1948=100) in all industries in the 
United Kingdom in January was 133, compared 
with a revised figure of 129 for December. 
The figures for the corresponding months a year 
earlier were 127 in January, 1954, and 121 in 
December, 1953. In the manufacturing industries 
only, the index number for January this year 
has been computed as 137, compared with 129 
a year earlier ; for mining and quarrying, the 
index was 114 against 117 in January, 1954. 


. Changes in Wage Rates 

The Ministry of Labour has stated that 
changes in wage rates, reported to have come 
into operation in the United Kingdom in 
February, resulted in an aggregate increase of 
about £392,000 in the weekly full-time wages 
of 1,937,000 workpeople. Among those receiving 
increases were workers in building and civil 
engineering contracting, railway workshop em- 
ployees, bus drivers and conductors and main- 
tenance staff employed by London Transport, 
and those engaged in goods transport by road. 

In building and civil engineering contracting, 
sliding scale arrangements based on the index 
of retail prices gave an increase of one halfpenny 
an hour to adult workers. The increases to 
railway workshop staff, which were payable 
retrospectively from January, were 10s., 11s. 6d. 
or 13s. a week for men, according to occupation. 
London Transport bus and coach drivers and 
conductors received increases of 9s. 6d. or 13s. 6d. 
a week, according to length of service. Main- 
tenance staff in London Transport garages and 
depots received 7s. 4d. a week. In the road 
haulage industry, by an agreement of the National 
Joint Industrial Council, there was an increase 
of 10s. a week for adult workers employed in 
goods transport. 

In the first two months of this year, changes 
in wage rates resulted in an aggregate increase 
of £1,163,100 in the weekly full-time wages of 
approximately 4,695,500 workpeople, compared 
with an aggregate increase of £643,000 in the 
wages of 2,715,000 workpeople in the corre- 
sponding months of last year. At the end of 
February the index of rates of wages (June 30, 
1947= 100) stood at 146 for all workers. 


Average Weekly Earnings 

In these notes in our issue of March 4th, 
reference was made to the result of the inquiry 
into average weekly earnings of manual workers 
in the United Kingdom which the Ministry of 
Labour conducted last October. More detailed 
information about this inquiry has now been 
published in the Ministry of Labour Gazette. 
The figures relate to the earnings, in the last pay- 
week in October, 1954, of about 7,000,000 
manual workers in the manufacturing industries 
and in a number of the principal non-manufac- 
turing industries. Among the principal employ- 
ments excluded from the inquiry, however, were 
agriculture, coal mining, British Railways, 
London Transport, British Road Services, the 
shipping service, and port transport. 

The Ministry’s figures show that in all the 
industries coming within the scope of the inquiry, 
the average earnings in the last pay week in 
October, 1954, were : men, £10 4s. 5d.; youths 
and boys, £4 5s. 7d.; women, £5 8s. 2d.; girls, 
£3 9s. Sd., the average hours worked being men, 
48-5; youths and boys, 44:9 ; women, 41:9 ; 
girls, 42-8. In the manufacturing industries only, 
the average earnings in the week surveyed were : 
men, £10 12s. 3d.; youths and boys, £4 3s. 8d.; 
women, £5 8s. 11d.; girls, £3 9s. 11d., the average 
hours worked being 48-5, 44-5, 42 and 42-9 
respectively. The manufacturing industries in- 
clude, of course, a group classified as “ engi- 
neering, shipbuilding and electrical goods.” 








Industrial and Labour Notes 


In this group, the average earnings in the last 
pay week of October were : men, £10 15s. 7d.; 
youths and boys, £4 1s. 2d.; women, £8 16s 7d.; 
girls, £3 12s. 6d., the average hours worked being 
49, 44-3, 42-8 and 43-1 respectively. The 
Ministry’s survey states that, in the manufacturing 
industries, the percentage increases in average 
earnings in October last, compared with October, 
1938, were: men, 199 per cent; youths and 
boys, 223 per cent ; women, 232 per cent ; and 
girls, 276 per cent. 


Steel Works Development in India 


Last week-end a United Kingdom steel 
mission, under the leadership of Sir Eric Coates, 
left for India, where it is to advise on the estab- 
lishment of a new steel works. A request for 
the mission was made recently to the Common- 
wealth Relations Office by the Government of 
India. 

It is stated that the mission will study, in 
consultation with Indian experts, the capacity 
of the proposed works, the range of end products, 
and the processes to be employed. It will also 
assist in the preparation of estimates of the cost 
of the plant and equipment to be imported, 
and of the local costs, including acquisition 
of land, provision of rail, power, housing and 
other facilities, as well as the cost of production 
at the new works. In addition, the mission is to 
make estimates of the manpower needed for the 
plant and suggest arrangements for the recruit- 
ment and training of Indian personnel. 

The mission, which is being provided under the 
technical co-operation scheme of the Colombo 
Plan, will report to the Government of India on 
the completion of its work. Its membership 
includes representatives of the British Iron and 
Steel Federation, the British Iron and Steel 
Research Association, and of the steel works 
equipment industries, and an electrical consultant. 


London Newspaper Printing Dispute 

As these notes go to press, the strike of elec- 
tricians and maintenance engineering workers 
in the printing offices of London’s morning and 
evening newspapers continues. The strike 
began on Friday, March 25th—since when the 
London morning and evening papers have not 
been published—and the few hundred men 
directly concerned in it are members of the 
Electrical Trades Union and the Amalgamated 
Engineering Union. These unions are not 
attached to the Printing and Kindred Trades 
Federation. 

The two unions involved are claiming a wage 
increase of £2 18s. 6d. a week for their members 
working in London daily and evening newspaper 
printing establishments, which, it has been stated, 
would raise the basic rates to about 125 per cent 
of their pre-war level. The Newspaper Proprietors 
Association, in negotiations on a revision of 
wage agreements, had offered increases which 
were not accepted by the two unions. The 
Association then suggested that the matter should 
go to a court of arbitration, and undertook in 
advance to accept the decision of such a court. 
The unions, however, refused to consider that 
suggestion. Last Friday, representatives of the 
two unions and of the Newspaper Proprietors’ 
Association had separate talks with the chief 
industrial commissioner of the Ministry of 
Labour. Following those talks, it was announced 
that the Minister of Labour had appointed a 
Court of Inquiry, with Sir John Forster, Q.C., 
as chairman, to examine immediately the circum- 
stances of the dispute. In setting up the court, the 
Minister expressed the hope that the two unions 
concerned would recommend an immediate 
resumption of work so that the inquiry could 
proceed in a strike-free atmosphere. In the 
House of Commons on Monday, the Minister 
of Labour, Sir Walter Monckton, Q.C., said he 
regretted that that hope had not been realised. 
He felt that, now that an impartial inquiry into 
the whole dispute was being conducted, the 
trade unions concerned should recommend their 
members to return to work without delay. ; 

The Court of Inquiry began its sittings, in 
public, on Wednesday morning. 













































































Appointments 


Mr. R. A. ROBERTSON has been appointed a 
managing director of Bowmaker, Ltd. 


Mr. J. Price has been appointed sales manager of 
Pollard Bearings, Ltd., Ferrybridge, Knottingley, 
Yorks. 


Mr. STANLEY S. Dawes, M.1.Mech.E., has been 
elected president of the Institute of the Motor 
Industry. 


Dr. E. G. Wooproort has been appointed head 
of the research division of Unilever, Ltd., in succession 
to Dr. H. J. Channon. 


Mr. E. J. BATCHELOR has been appointed general 
manager of the automobile division of the David 
Brown Corporation, Ltd. 


Mr. JoHN G. ParK, M.LE.E., Hadley Wood, 
Herts, has been appointed electrical engineering 
adviser to the Government of Ceylon. 


McKECHNIE BRrorTHERS, Ltd., announces the 
appointment of Mr. E. C. Snelus as sales manager at 
its metal works at Rotton Park Street, Birmingham. 


CAPPER Pass AND Son, Ltd., Bristol, states that 
Mr. C. G. L. Francis has been appointed chief 
engineer, in succession to Mr. B. T. C. Sawyer, who 
has retired. 


Mr. A. HoLroyb, sewage works manager, Wolver- 
hampton, has been appointed a member of the Water 
Pollution Board of the Department of Scientific and 
Industrial Research. 


THE MINISTRY OF TRANSPORT AND CIVIL AVIATION 
announces the appointment of Mr. F. J. Girling as 
principal officer in the marine survey service, East of 
Scotland district, Leith. 


Mr. A. KENDALL has joined Igranic Electric 
Company, Ltd., as radio buyer. He will operate 
from the company’s radio and television component 
factory at Bromborough, Cheshire. 


Mr. D. J. SAUNDERS, formerly a principal scientific 
Officer in the rocket propulsion department of the 
Ministry of Supply, has been appointed chief develop- 
ment engineer (hydraulics) of the Compofiex Com- 
pany, Ltd. 

Dr. J. Craik has been appointed chairman of the 
Nobel division of Imperial Chemical Industries, Ltd., 
in succession to Dr. W. J. Jenkins, who has retired. 
Dr. Craik, who joined I.C.I. in 1927, has been a 
managing director of the Nobel division since 
November, 1953. 


Mr. J. P. A. MELDRUM and Mr. R. H. S. Turner 
have been appointed directors of Metropolitan- 
Vickers Electrical Company, Ltd., Trafford Park, 
Manchester. Mr. Meldrum has been manager, home 
sales, since January, 1953, and Mr. Turner has been 
works manager at Trafford Park since April, 1954. 


Sunvic CONTROLS, Ltd., 10, Essex Street, Strand, 
London, W.C.2, states that Mr. D. M. Gill has been 
appointed technical representative for the process 


control division in N.W. England. Mr. F. N. Yates, - 


36a, Brownsville Road, Heaton Moor, Stockport, 
has been appointed representative in the same area 
for the scientific and industrial divisions. Mr. W. F. 
Dorman has been appointed to represent the scientific 
and technical divisions, and Mr. F. C. Chaventre, 
the process control division, in the London and Home 
Counties area. 


Business Announcements 
Brook Morors, Ltd., Huddersfield, states that its 


Swansea branch has been moved to 93, Walter Road, 
Swansea (telephone, Swansea 57559). 


Mr. Hepiey Lioyp, export director of Marsh 
Brothers and Co., Ltd., Sheffield, has left for a business 
tour in Ceylon, Australia and New Zealand. 


THe Export CREDITS GUARANTEE DEPARTMENT 
states that its Sheffield office has now been moved to 
Orchard Chambers, 27a, Church Street, Sheffield, 1 
(telephone, Sheffield 29151). 


THE BRITISH OVERSEAS AIRWAYS CORPORATION 
announces the retirement of Mr. G. A. Hummer- 
stone, from the position of engineering manager at 
the Corporation’s repair factories at Treforest. 


Ws. NEILL AND Son (St. HELENs), Ltd., has com- 
pleted arrangements for taking over the works of 
Alltons (Structural Steel), Ltd., which are situated 
on the Parr Industrial Estate, St. Helens, Lancs. 


Mr. J. E. CALvertey, M.LE.E., M.I.Loco.E., 
recently retired from The English Electric Company, 
Ltd. Mr. Calverley was appointed deputy chief 
engineer (technical) to the company in 1943 and, 
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Personal and Business 


since 1952, he has been engaged on special consul- 
tancy duties with this firm. There one of his main 
interests has been in direct current work and rectifi- 
cation. He was associated with the late Mr. W. E. 
Highfield in the development of the transverter. 


Feropo, Ltd., states that it has transferred the 
manufacture and sale of ‘* Ferobestos’’ plastics to 
its associated company, J. W. Roberts, Ltd., Chorley 
New Road, Lostock, Bolton. Ferodo, Ltd., 
announces also that it has opened a new depot in 
Nursery Street, Sheffield, under the management of 
Mr. W. H. Wyse. ° 


Contracts 


VICKERS-ARMSTRONGS, Ltd., announces that a 
contract for the supply of 100 * Centurion ” Mk. 3 
tanks and spares equipment to the Swiss Government 
was signed in Berne on March 3ist. 


BirLec, Ltd., has recently been commissioned 
by the Head, Wrightson Machine Company Ltd., 
Middlesbrough, to build a continuous driven 
roller hearth annealing and galvanizing furnace for 
installation at a South Wales steel works. It will 
handle steel strip of up to 48in width at an output 
of 10 tons per hour. The installation will be over 
300ft in length, the heating furnaces being accom- 
modated on a staging over 20ft high. The combined 
electrical rating of furnace elements, drive gear, etc., 
will be approximately 1000kW and the gas consump- 
tion (using coke oven gas, which is available on site) 
about 30,000 cubic feet per hour. Three methods of 
furnace heating will be employed: open gas burners 
for preheating, gas-fired radiant tubes, and electrical 
resistance elements, for zones where very close 
temperature control is required and for heating the 
galvanizing bath. Carefully maintained atmosphere 
conditions will be required in all parts of the furnace, 
except the preheating zone ;_ the highly reducing gas 
will be derived from a specially constructed ammonia 
cracker plant. 


Miscellanea 

HIGHER Fees FOR TRADE MARKS.—The Board of Trade 
has stated that as from April Ist, higher renewal fees 
are charged for trade mark registrations due to expire 
after June 30, 1955 ; and after the latter date there is to 
be a general increase in the fees payable in respect of 
a number of trade marks matters. It is explained that 
the fees have remained substantially unchanged for many 
years despite considerable increases in administrative 
costs. A similar announcement regarding higher 
renewal fees for patents and designs was made at the end 
of January. 

AGRICULTURAL ENGINEERS ASSOCIATION.—The_ first 
annual general meeting of the Agricultural Engineers 
Association, since its recent incorporation under new 
articles of association, was held in London on March 
30th. At the meeting, Mr. D. P. Ransome, M.I.Mech.E., 
M.I.B.A.E., managing director of E. H. Bentall and 
Co., Ltd., was elected president. Two vice-presidents 
were elected as follows: Mr. W. D. Akester, sales 
director of Ransomes, Sims and Jefferies, Ltd., and Mr. 
Lionel Harper, managing director of Massey-Harris- 
Ferguson (Sales), Ltd. 

Roya, SHOW AT NOTTINGHAM.—The Royal Agri- 
cultural Society says that at its annual show, which will 


be held at Nottingham from July 5th to 8th, the total © 


stand space allocated to machinery and equipment is 
approximately 1,300,000 square feet. The area of the 
whole showground extends to 165 acres, a larger acreage 
than in any year since the Royal Show started in 1839. 
The Society’s implement committee has accepted nine- 
teen entries, from thirty-seven submitted, for judging for 
silver medal awards. In addition, there are five entries 
for judging which were deferred from last year. 

Sim WiruramM J. Larke’s EIGHTIETH BIRTHDAY.—Sir 
William J. Larke, K.B.E., who will be eighty on April 
26th, is to be the guest of honour at a luncheon organised 
by the Institute of Welding and the British Welding 
Research Association at the Hyde Park Hotel, London, 
on April 25th. The chair will be taken by Sir Claude 
Gibb, F.R.S., supported by Sir Charles Lillicrap, chair- 
man of council of the British Welding Research Associa- 
tion, and Mr. R. G. Braithwaite, president of the Institute 
of Welding. Further particulars and tickets are obtain- 
able from the Secretary, Institute of Welding, 2, Bucking- 
ham Palace Gardens, London, S.W.1 

CONFERENCE ON PRODUCTION AND UTILISATION OF 
ELECTROMAGNETICALLY ENRICHED IsoTOPES.—A_ con- 
ference on the production and utilisation of electro- 
magnetically enriched isotopes will be held at the Atomic 
Energy Research Establishment, Harwell, from September 
13th to the 16th next. Members of the team responsible 
for the work on stable isotopes at Oak Ridge, U.S.A., 
are attending and provisional acceptances have been 
received from leaders of the separator groups in France, 
Holland and Denmark. Although a detailed programme 
has not yet been prepared, sessions will be included on : 
design and operation of large mass separators ; ion 
source and collector problems especially with high beam 
current ; separation of radioactive materials ; chemical 
aspects of the production work ; preparation of isotopic 
targets ; developments in stable isotopes mass-analysis ; 
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utilisation of electromagnetically enriched ; 

Much of the meeting will be occupied with prob 

the mg yee wood separator itself but contribution 
will also be welcomed on applications of stable isoto 
especially unusual ones; the emphasis will ee 
principles rather than details of techniqucs. Work 
the application of the isotopes of the lighter ¢| ing 
particularly of hydrogen, carbon, nitrogen and Oxyoe, 
which are more economically enriched by other Yera 
is specifically excluded. urther particulars can be 
obtained from Dr. M. L. Smith, A.E.R.E., Harwell 
Didcot, Berks. ’ 

SAFETY AND Factory EFFICIENCY [| \ HIBITION 
Arrangements are now being made by the Birminghay 
and District Industrial Safety Group for the third fet 
and Factory Efficiency Exhibition which is io be bei” 
the Bingley Hall, Birmingham, from June 24(h to July ist 
During the first week-end of the exhibition, June 24 
to 26th, there is to be a congress under the general ti) 
“Social and Factual Examination of Industrial Acci 
dents.”” The organising secretary of the exhibition j 
Mr. W. G. Appleyard, Industrial Safety Training Centre 
Museum of Science and Industry, Newhall Street Bir. 
mingham, 3. ' 

Europe’s MACHINE Toot INDUSTRY.—The European 
Committee for Co-operation of the Machine Teal 

Industries has recently held a meeting in London, x 
which a new board was elected. At present, eight 
national machine tool associations are represented op 
the committee. Dr. Gerhard Schaudt (Germany) was 
elected president of the European committee ; Monsiey; 
Felix Leblanc (Belgium), Monsieur Emmanuel Pouyrea, 
(France), Mr. Robert Asquith (Great Britain), Monsieur 
Georges Fischer (Switzerland), and Count Galileo Mott 
(Italy), were elected vice-presidents, and Monsieur 
Frederick Maurice (Switzerland) was elected preside 
of the exhibition sub-committee. 

Post-GRADUATE BURSARIES IN ELECTRICAL np 
MECHANICAL ENGINEERING.—Metropolitan-Vickers Elec. 
trical Company, Ltd., of Trafford Park, Manchester 
has endowed four Post-Graduate Bursaries in electrical 
and mechanical engineering, each of £400 per annum, in 
the University of Manchester ; two of these bursaries 
will normally be tenable in the Faculty of Technology 
of the University at the Manchester College of Techno. 
logy, The company has also endowed three similar 
bursaries tenable in the Mechanical and Electricaj 
Engineerin, ee ramen at the Imperial College of 
Science and Technology, London. A particular purpose 
of these bursaries is to encourage graduates in physics 
and mathematics to undertake post-graduate study or 
research in engineering in preparation for entry into the 
electrical industry. 

CORROSION BY FERTILISERS.—A conference on “ The 
Problems of Corrosion by Fertilisers,’’ which has been 
arranged by the Institution of British Agricultural 
Engineers and the Fertiliser Society, is to be held at the 
Royal Society of Arts, 6, John Adam Street, Adelphi, 
London, W.C.2, on Thursday, April 21st. At the mom- 
ing session, beginning at 10.30 a.m., the following papers 
will be discussed jointly : ** The Chemistry rm Metal 
lurgy of Corrosion of Metals, &c., yA Fertiliser Mate- 
rials,” by Dr. W. D. Clark, and “* Methods Used by 
Manufacturers to Reduce Corrosiveness of Fertilisers,” 
by Mr. J. E. Nicholson. At the afternoon session at 
2.30 p.m., the papers for discussion are: “* The Cor- 
rosion of Steel in Agriculture,’ by Mr. C. R. Pipe, and 
** Problems of Corrosion Prevention on the Farm,” by 
Mr. R. M. Paterson. : 

RuRAL ELECTRIFICATION.—A luncheon in honour of 
Mr. G. H. Johnstone, who has just retired from the 
South Western Electricity Board, was held at St. Ives, 
Cornwall, on Friday, April Ist. Speaking at it, Mr. S. F. 
Steward, chairman of the Board, said that the contri- 
bution which Mr. Johnstone had made to the develop- 
ment of rural electrification was to be perpetuated by a 
lectureship at the Seale-Hayne Agricultural College, 
Newton Abbot. It would known as the George 
Johnstone lecture and would be given annually by a 
leading authority on some aspect of rural electrification. 
One of the problems, Mr. Steward added, was to secure 
a wider appreciation of the advantages to be gained from 
a full use of electricity in agriculture, and to keep farming 
and horticultural circles abreast of the developments 
which were taking place. 

BOOKLETS ON CONCRETE AND SOIL-CEMENT ROAD 
CONSTRUCTION.—The Cement and Concrete Association, 
52, Grosvenor Gardens, London, S.W.1, has prepared a 
series of technical booklets describing the design and 
construction of concrete and soil-cement roads. The 
Association points out that concentration on the past 
and on research alone without concurrent full-scale 
practice is leading to an over-emphasis on problems which 
might well dissolve or become much less important in 
the atmosphere of actual construction. It is thought, 
therefore, that the time has come when the lessons 
learnt from past mistakes and from research should be 
set down in a form suitable for application in the field, 
and the a of the Association in preparing these 
booklets has been to outline the latest methods of design 
and construction in as straightforward and definite a 
way as possible. Four booklets are being issued at the 
present time, dealing with concrete roads and one with 
soil-cement. The concrete road booklets are: No. |, 
** Earthworks, Sub-grades and Bases”’; No. 2, “ Slab 
Design’’; No. 3, “ Design of Mixes,’’ and No. 4, 
“Construction Methods.’’ Further booklets dealing 
with specialised aspects of concrete road construction, 
for example, on housing estates, and specifications incor- 
porating the recommendations in the klets, are being 
prepared. The booklet on soil-cement roads is a new 

version of the previous booklet issued by the Association 
some years ago. 
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British Patent Specifications 


‘on an invention is communicated from abroad the name and 
eng of the communicator are printed in italics. When an 
ated nt is not illustrated the specification is without drawings. 
o ee first given is the date of application ; the second date, 
af ‘end of the abridgment, is the date of publication of the 
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of specifications may be obtained at the Patent Office 
Branch, 15, Southampton Buildings, Chancery Lane, W.C.2, 
1 84. each. 
GAS TURBINES 

February 24, 1953.—TurBINE ROTOR OF 
STEEL HAVING CERAMIC BLADING, Maschinen- 
fabrik Augsburg-Nurnberg A.G., Stadtbach- 
strasse 7 (13b), Augsburg 2, Germany. ; 
The drawing shows a section through the fixing 
point of a ceramic blade in a slot in a steel rotor disc, 
ihe blade root being provided with two pairs of 
ating faces arranged one above the other such that 
their surface planes intersect to form a double cone. 
The ceramic blade A has a root part on which there 
are two pairs of seating faces B and C. One pair 
of seating faces B mainly receives tension forces 
arising from centrifugal force, whilst the other pair 
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of seating faces C position and retain the blade in 
the slot of the rotor disc rim D. The mutual inclina- 
tion of the two pairs of seating faces is selected so as 
to ensure a connection which is substantially inde- 
ixndent of temperature. In order to obtain the 
smallest possible angles of inclination between the 
two pairs of seating faces whilst using this blade root 
onstruction metal inserts E are placed between the 
corresponding bearing surfaces of the blade and the 
sot. In this way, it is possible to alleviate frictional 
effects between the abutting ceramic and steel surfaces. 
February 23, 1955. 












INTERNAL COMBUSTION ENGINES 


75,227. June 10, 1953.—CooLING THE UPPER 
PIstoONS OF OPPOSED PISTON ENGINES, William 
Augustine Harper, Cuthbert Coulson Pounder 
and Sir Frederick Ernest Rebbeck, all of Harland 
and Wolff, Ltd., Queen’s Island, Belfast, 
Northern Ireland. 
The invention relates to vertical opposed-piston, 
ompression-ignition engines, and provides improved 
means for the better cooling of the upper pistons. 
Referring to the drawing, A is the upper piston of 
the engine, having a yoke B secured to the piston. A 
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oolant circulator C fitted to the lower part of the 
lerior of the piston is attached to coolant flow and 
turn pipes enclosed in a tubular casing D. .This 
asing is insulated from a tube with branches E giving 
swirling motion to the coolant. A flange F is 
riven. by the circulator through pins. The casing 
D has teeth at its upper end which engage teeth on a 
ush fixed to a worm wheel G rotated by a motor H. 
his motor is driven by the flow of coolant, which 
S introduced into the yoke through pipe J. The 
oolant finally leaves the yoke through an outlet pipe 
after passing through the circulator and rising up 
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through a return pipe L. To prevent hammer action 
by inertia forces, the return pipe L is held down 
by a spring which rests on an anti-friction bearing 
on the top of the pipe. The circulator incorporates 
a series of scrapers M built up in segments. Each 
segment has an inlet passage N for the coolant 
discharged by the distributor branches E and ribs 
forming flow passages O are machined to conform 
to the internal contour of the piston. The rotation 
of the circulator is indicated by a disc P on the top 
of the pipe L. The specification also shows a hand- 
operated chain-wheel drive for operating the circulator 
when the engine is stopped and modified forms of 
scraper drives.—March 2, 1955. 


724,461.—April 1, 1953.—CyLINDeR Heaps, May- 
bach-Motorenbau G.m.b.H., Friedrichshafen, 
a.B., Germany. 

The invention relates to liquid-cooled cylinder 
heads for use with high-speed, 6verhead-valve, fuel 
injection, internal combustion engines having a 
cylinder bore of not less than 150mm and designed 
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for use in motor vehicles. Referring to the drawi ng 
A is the lower wall of the cylinder head, facing the 
interior of the cylinder. B are bores for the cylinder 
head fixing bolts, formed integrally with a vertical 
reinforcing wall C. D is a substantially funnel-shaped 
reinforcing wall which is integral with the portions 
of the walls of the inlet and outlet valve passages 
E and F nearest the axis of the cylinder head. Valve 
guides G and also cover-fastening screw sockets H 
penetrate the wall. J indicates an opening in the 
centre of the lower wall, into which, for example, 
the communicating passage for a separate combustion 
chamber, or an injection nozzle, can be fixed. The 
cooling agent enters the head through an opening K. A 
similar design for a head with six valves is also shown 
in the specification.—February 23, 1955. 


CIVIL ENGINEERING 


663,568. December 3, 1948.—THE PRODUCTION OF 
Concrete, George Edward Bessey, the Building 
Research Station, Bucknalls Lane, Garston, 
Watford, Hertfordshire. 

The invention relates to the production of light- 
weight concretes by processes in which air voids 
are incorporated in the mix before hardening. Accord- 
ing to the invention in such a process a part or the 
whole of the finely divided aggregate consists of ash 
from pulverised coal-burning installations. The 
pulverised fuel ash is used in conjunction with 
hydraulic cement or lime, with or without the addition 
of sand or other aggregate in the manufacture of 
lightweight concrete by a process using foam-stabilis- 
ing or other surface-active agents to incorporate and 
stabilise gas bubbles in the material. The pulverised 
fuel ash may be used in lightweight concrete cured 
either at ordinary temperatures, in steam at atmospheric 
pressure and elevated temperatures, or in steam at 
high pressure in autoclaves. Curing in steam at 
high pressure is preferred and gives a material of 
particularly high strength for any given density.— 
February 23, 1955. (Amended specification.) 


BURNERS AND SPRAYERS 


725,120. October 16, 1953.—O1L BuRNeERS, Nu-Way 
Heating Plants, Ltd., Vines Lane, Droitwich, 
Worcester. (/nventor : Bror Ingmar Wennman.) 

Referring to the drawing, the oil receptacle A of 
the burner is of basin shape. This receptacle is 
secured to or formed on one end of an air supply 

pipe B. The oil is conducted to the receptacle by a 

pipe C which terminates in a nozzle D at the base of the 

receptacle. Return of oil from the receptacle to a 

supply tank, in the event of flooding, as a result of 

extinction of the flame, is effected by a pipe E. The 
end of the air pipe adjacent to the oil receptacle is 
turned up as shown, and on its upper end there is hinged 
an extension of inverted U-shape which terminates 
in a perforated nozzle. The nozzle is situated centrally 
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and extends down almost to ‘tthe bottom of the 
receptacle. The entrance end of the return pipe E is 
situated at about the level of the lower end of the 
nozzle. When it is required to clean the receptacle 
and the nozzles the air nozzle can be swung about the 
hinge to the position indicated by dotted lines. 
When the burner is in action the receptacle and 
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nozzle are heated by the flame surrounding the 
nozzle, and the hot air issuing from the nozzle pro- 
motes rapid vaporisation of the oil, the flame being 
supported by the mixture of air and oil vapour in 
the receptacle. Normally, the oil level does not rise 
to the level of the entrance to the pipe E, but in the 
event of extinction of the flame the oil level rises and 
the oil is returned by the pipe.—March 2, 1955. 


HEAT EXCHANGERS 


725,075. June 25, 1953.—Tupes- FoR HEAt 
EXCHANGERS, Mannesmann Aktiengesellschaft, 
Mannesmannufer 1b, Diisseldorf, Germany. 

The invention consists of a double tube for heat 

exchangers in which the outer tube is maintained at a 
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distance from the inner tube by indentations in the 
Outer tube. The wall of the outer tube is thickened 
locally by built-up welding at the base of the indenta- 
tions, as shown in the drawing.— March 2, 1955. 


METALLURGY 
725,893. June 30, 1953.—MouLp LUBRICATING IN 
ConTINUOUS CASTING, Ejisenwerke Gelsen- 


kirchen Aktiengesellschaft, Gelsenkirchen, Hoh- 
enzollernstrasse 2-4, Germany. 

In continuous casting it is desirable to provide and 
maintain a film of lubricant between the metal poured 
into the mould and the working or profile forming 
surfaces of the mould. Referring to the drawing, 
there is provided an annular mould A with a core B 
protruding into it for the continuous casting of a 
tubular section. Liquid metal is poured into an 
annular space C from a rotary pouring vessel D, 
which is provided with nozzles E. On rotation of the 
vessel the metal from the nozzles flows on to con- 
tinuously changing localities of the surface F of the 
metal already in the mould. The core B is stationary 
and is attached to a support G through to a journal H. 
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The vesssel D is supported on a bearing J which can 
be rotated about the journal H. Below the vessel 
D there are attached to the bearing J supply tubes 
K and L, which have apertures for guiding a lubricant 
from the tubes to the inner walls of the mould and 
the outer surfaces of the core. The lubricant is fed 
from the stationary journal through a gland to the 
rotary bearing.—March 9, 1955. 








































































Launches and Trial Trips 


WorLD GuiDaNce, oil tanker; built by Kieler 
Howaldswerke for Niarchos (London), Ltd.; | 
overall 665ft, length between perpendiculars 629ft 11i 
breadth moulded 86ft 74in, depth moulded 45ft 11 in, 
—— t 32,500 tons, summer draught 34ft Sin, 
speed 1 knots ; ; thirty cargo oil tanks, four 1000-ton 
horizontal, two-stage, centrifugal pumps, two 600kW 
turbine-driven alternators, one 100k diesel-driven 
alternator ; one set of pe turbines, 17,500 maximum 
s.h.p. at 110 r. p.m., 16,500 normal s.h.p. at 108 r.p.m. of 
propeller, propeller four blades, diameter 22-95ft by 
4-3ft pitch ; two Foster Wheeler ** D”’ boilers supply 
steam at 600Ib per square inch and 830 deg. Fah. 
Launch, March 4th. 


WoRLD ,GUARDIAN, oil tanker, sister ship to “ World 
Guidance.”’ Trial, March Sth. 


THESEUS, cargo liner; built by the Caledon Ship- 
building and Engineering Company, Ltd., for Alfred Holt 
and Co.; length overall 489ft, breadth moulded 64ft, 
depth moulded to aeeee deck 35ft 3in, deadweight 9650 
tons, gross tonnage 7804, service speed 16 knots ; seven 
holds and *tween decks, No. 3 and No. 4 holds and ’tween 
decks insulated, No. 5 hold arranged as deep tank ; 
fourteen 5-ton, four 7-ton, six 10-ton derricks, and one 
to lift 50 tons ; electric deck machinery, four ram electro- 
hydraulic steering gear; three 350kW diesel-driven 
generators, and one 350kW = steam-turbine-driven 
generator, one 40kW diesel-driven emergency generator ; 
Metropolitan-Vickers three-cylinder, cross-compound, 
impulse turbine, 8000 s.h.p. at 112 r.p.m. of propeller, 
two Foster-Wheeler single-furnace boilers, one John 
Thompson “ La Mont” auxiliary boiler. Trial, March Sth. 


BLacK Prince, cargo ship ; built by the Burntisland 
Shipbuilding Company Ltd., for the Prince Line, Ltd.; 
length between perpendiculars 345ft, breadth moulded 
52ft 7in, depth moulded to shelter deck 32ft 4in, dead- 
weight 4900 tons on 21ft 9$in draught ; twelve passen- 
gers ; ten 5-ton, two 10-ton and one 25-ton derricks, 
steam winches; Hawthorn-Doxford oil engine, four 
cylinders, 600mm diameter by 2320mm_ combined 
stroke, 3300 b.h.p. at 110 r.p.m. Trial March 8th. 


Puaros, lighthouse tender; built -by the Caledon 
Shipbuilding and Engineering Company, Ltd., for the 
Commissioners of Northern Lighthouses; length 
between perpendiculars 235ft, breadth. moulded 4Oft, 
depth moulded 19ft 6in, drau: ught 13ft, speed 14 knots ; 
forward hold for stowage of buoys, one 15-ton, one 
6-ton and two 3-ton derricks, electric deck machinery, 
three 90kW diesel-driven generators ;_ two 7-cylinder 
Polar two-cycle, single-acting diesel engines, each of 
985 b.h.p. at 220 r.p.m. Launch March 9th. 


BARANA, tug ; built by John I. Thornycroft and Co., 
Ltd., for the Government of Ceylon ; length overall 
122ft 6in, length between perpendiculars 115ft, breadth 
moulded 31ft 6in, depth moulded 14ft 6in, draught 
maximum 13ft, gross tonnage 350; trial speed 11 
knots, static pull 18 tons ;_ two sets of triple expansion 
reciprocating steam engines, total power 1400 i.h.p. at 
125 r.p.m., steam supplied at 200 Ib per square inch by 
two oil-fired Scotch sieve. Launch March 9th. 


Port MELBOURNE, cargo liner; built by Harland 
and Wolff, Ltd., for the Port Line, Ltd ; length overall 
533ft, length between perpendiculars 498ft, breadth 
moulded 70ft, depth moulded to upper deck 42ft, gross 
tonnage 9800 ; twelve passengers ; three complete steel 
decks, six holds, including three insulated, eight water- 
tight bulkheads, one 70-ton, four 15- ton, ten 10-ton 
derricks, two deck cranes, ‘electric deck machinery ; 
four 360kW diesel-driven generators; two Harland 
and Wolff single-acting, opposed-piston diesel engines, 
six cylinders, 750mm diameter by 2000mm combined 
stroke, heavy grade fuel oil, 112 r.p.m., two composite 
boilers. Launch March 10th. 





Catalogues 


Voss INSTRUMENTS, Ltd., Faraday Court, High Street, 
Malden, Essex.—Booklet of industrial thermometers. 

Tue Piessey ComPANny, Ltd., Ilford, Essex.—Booklet 
entitled, “‘ A Visual Impression of the Plessey Organisa- 
tion.”” 

HOLoPHANE, Ltd., Elverton Street, 
London, S.W.1.—Catalogue of Holophane “ 
Lighting. 

THOMAS ROBINSON AND Son, Ltd., Railway Works, 
Rochdale.—Folder illustrating Robinson woodworking 
machinery i 

DeLoro STELLITE, Ltd., Highlands Road, Shirley, 
Birmingham.—Leaflet describing bandsaws tipped with 
Deloro Stellite. 

GRANT PRODUCTION COMPANY, Litd., 4, Rathbone 
Place, Oxford Street, London, W.1.—Booklet “ Grant 
Throws Light on Your Problems.” 

STURTEVANT ENGINEERING COMPANY, Ltd., Southern 
House, Cannon Street, London, E.C.4.—Publication 
No. 5010, Industrial Vacuum Cleaning. 

GRIFFIN AND TATLOCK, Kemble Street, Kingsway, 
London, W.C.2.—Booklet G.T. 1465, illustrating and 
describing the “‘ Courtauld Atomic Models.”’ 

TURNER AND Brown, Ltd., Davenport Works, Daven- 
port Street, Bolton.—Specification sheets of ‘* Turbro ”’ 
centrifugal fans constructed entirely from rigid P.V.C. 

DRUMMOND Patents, Ltd., 5, Great Winchester Street, 
London Wall, London, E.C.2.—Leaflet describing the 
Drummond compressed-air oil and moisture extractor. 

OPANCOL, Ltd., 3-4, Sherwood Street, London, W.1.— 
List of products "and brochure describing vane anemo- 
meters made by Wilh. Lambrecht, of Gottingen, German 
Federal Republic. 


Westminster, 
In-Bilt *° 
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Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of their insertion, the necessary informa- 
tion should reach this office not later than a fortnight before the 
meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


BRITISH INSTITUTION OF RADIO ENGINEERS 
Wed., April 13th—LoNDON SECTION : School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, 
1, Discussion Meeting on “The B.B. C., V.H.F., F.M. 
by K. R. Sturley and 
: Neville Hall, West- 
gate Road, Newcastle upon —. “The Manchester Univer- 
sity Electronic Computer,”’ E. T. Warburton, followed by the 


Annual General Meeting, 6 
pa Institution of Engineers 


Thurs., April 14th.—SCoTTISH 
and. Shipbuilders, 39, Elmbank Crescent, Glasgow, Film 
Evening ont Exhibition of Electronics Apparatus, 7 p.m. 

Thurs., April 21st.—MERSEYSIDE SECTION : Riversdale Technical 
College, Riversdale Road, Liverpool, 19, Annual General 
Meeting, followed by Technical Films, 7 p.m. 

Wed., April 27th—LONDON SECTION : ” School of Hygiene and 
wi Medicine, Keppel Street, Gower wit London, 

oe oa pee for the Aircraft H.F. Band,”’ 
Coppin . Wares Section: Cardiff 
College af Races "Cathays Park, Cardiff, “ Some Tech- 
blems in Sound and Television Broadcasting,’ K. R. 
Sturley, 6.30 p.m. 
CHADWICK PUBLIC LECTURE 

Wed., April 20th.—Reardon Smith Lecture Theatre, National 
Museum of Wales, Park Place, Cardiff, “‘ The Role of the 
Public Health Inspector,”’ Neil R. Beattie, 3.30 p.m. 


ENGINEERS’ GUILD 


Thurs., April 14th.—Caxton Hall, Caxton Street, Westminster, 
London, S.W.1, “ Interplanetary Travel,’’ G. S. Brosan, 6 p.m. 


HULL CHEMICAL AND ENGINEERING SOCIETY 
Tues., April 26th.—Church Institute, Hull, Annual General Meet- 
ing, 7.30 p.m. 
ILLUMINATING ENGINEERING SOCIETY 
Mon., April 11th.—SHEFFIELD CENTRE: Medical Library, The 
University, Western Bank, Sheffield, Film Evening, followed 
by Annual General Meeting, 6.30 p.m. 
oo April 14th. —MANCHESTER_ Centre: N.W. Electricity 
Ly 2 Ligntboas Hall, —: ‘ Television Studio Lighting,” 
Tues., Apri. 19¢h.-- SEaSSONAL MEETING : Institution of Electrical 
Engineers, Savoy Place, London, W.C.2, “ Electro-Lumin- 
escence,’” H. C. Bate and J. N. Bowtell, 6 p.m. 
Wed., April 20th.—N. LANCASHIRE Group: N.W. Electricity 
Board, | 19, Friargate, Preston, Annual General Meeting, 
1S p.m. 
INCORPORATED PLANT ENGINEERS 
Tues., April 12th—MANCHESTER BRANCH: Engineers’ Club, 
Albert Square, Manchester, “* Care and Maintenance of — 
on and Light Diesel Engines,” F. N. Warmis 
m 
Wed., April 13th.—E. MIDLANDS BRANCH: Adult Education 
Centre, Shakespeare Street, Nottingham, Film, ‘ Diesel 
Engine Lubrication,’’ 7 p.m. 
Thurs., April 14th—N.E. BrancH: Roadway House, Oxford 
treet, Newcastle on Tyne, Film, ‘‘ They’re Everywhere,”’ 7 p.m. 
Fri., April 1Sth.—BIRMINGHAM MOBILE PLANT DISCussION 
Group : Imperial Hotel, ——— “ Fuel Injection and 
Lighting of Excavators,’’ 7.30 p.m. 
Mon., April 18th.—DUNDEE BRANCH : Mathers Hotel, Dundee, 
“The Factories Acts, 1937 and 1948, as They Affect the Plant 
Engineer,’’ R. E. Griffith, 7.30 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 
Thurs., April 14th. —Beps/HERtTs SECTION : bo pete Hall, Luton, 
* Non-Ferrous Castings,’ H. Thompson, 7.30 p. 

Tues., April 19th.—CovENTRY AND District eicenees : Room 
AS, Technical College, Coventry, Annual General Meeting, 
followed by a Film Show, 7.30 p.m. E. ANGLIAN SECTION : 
Central Hall, Public Library, Ipswich, Annual General Meeting, 
followed by Films, 7.30 p.m. 


INSTITUTE OF FUEL 


Mon., April 11th.—N.E. Section : Chemistry Lecture Theatre, 
King’ 's College, ole upon Tyne, Lecture by the President, 
W. Idris Jones, 6.30 p 

Wed., April 20th.—N. wv “SECTION : Engineers’ Club, Albert 
Square, Manchester, Annual General Meeting, Visit of the 
President, W. Idris Jones, 2.15 p.m. 

Thurs., April 21st.—E. MIDLAND SECTION : 
Nottingham, Annual General Meeting, 
J. Rotblat, 6.15 p.m. 

INSTITUTE OF METALS : 

April 14th—LoNnpoN Loca Section: 4, Grosvenor 

ardens, London, S.W.1, Annual General Meeting, followed 
by a Discussion on “‘ Recent Developments in Special Machin- 
ing Techniques,”’ 6 p.m. 
INSTITUTE OF PETROLEUM 
et. April 13th.—Manson House, 26, Portland Place, London 
W.1, Bt Methods rc — Middle Distillate 
Production,” S. Bonnell, 5.30 p.m. 


scumee OF ROAD TRANSPORT ENGINEERS 


Thurs., April 14th.—S. Wates Group: S. Wales Institute of 
Engineers, Park Place, Cardiff, “‘ Ford Diesel Engines,”’ 


p.m. 
Thurs., April 21st.—LONDON CENTRE: Royal Society of Arts, 
John Adam Street, London, W.C.2, “ Gas Turbines and Their 
Application to Road Transport, *” A. Enticknap, 6.30 p.m. 


INSTITUTE OF WELDING 
Tues., April 12th—-N. LONDON (SLOUGH SECTION): Com- 
munity Centre, Farnham Road, Slough, Annual General 
Meeting, followed by Technical Session, 7.30 p.m 
, April 14th.—PORTSMOUTH BRANCH : Royal Beach Hotel, 
Southsea, Annual General Mee Meeting and Technical Films, 7 p.m. 
——S. LONDON BRANCH: 2, Savoy Hill, London, W.C.2, 
Annual General Meeting, followed by Debate, “ i” Meeting 
Considers that all Welders Should be Certified,”’ 6.30 a 
Fri., April 15th_—SuerrigLD BraNcH : Grand Hotel, heffield, 
Annual General Meeting and Film Show, 7.15 p.m. 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS 

Tues., April 19th. —Institution of Electrical Engineers, Savoy 
Place, London, W.C.2, “‘ The Relative Merits of Ai Air and Water 
Cooling for Tractor Engines,’ ” H. Meyer, 2.15 p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
Wed., April 13th.—N.W. BRaNcH : Grosvenor Hotel, Chester, 
“Eng in Chemical Plants,’ O. W. Murray, 7 p.m. 
vil 1 th—N. W. BRANCH : ——. of Technology, 
iter, “ Researches into awe ecting the form- 
A. Lakey and W. Bostock, 


Gas Showrooms, 
“Nuclear Power,”’ 


Thurs., 
G 


Sat., 

ed 
ance of Electro-Precipitators,”’ J. R. 
3 p.m. 


April 8, 1955 


INSTITUTION OF CIVIL ENGINEERS 

Thurs,, April 14th.—N.W. ASSOCIATION ; Eng::, 

Square, ,Manchester, “4 Present Situation onl 

* Pp. W. Rowe, 6 30 p.m.—MIDL».ips 
James. Watt Memorial met yng ey reat Charles Street, B 
ham, “* Model Experiments on the Storm of 1953 in thet mig 
Estuary and the Reduction of Future Sur rges,”” Sir 
Inglis and F. H. Allen, 6 p.m. On 

Tues., April 19th.—MARITIME MEETING : Gicat G 
Westminster, London, S.W.1, * Reconstr. ction of 
the River Great Ouse at King’s Lynn,” D. V. Buck, 5.30pm 

INSTITUTION OF ELECTRICAL . \GINEERS 
ey April 14th.—UTILIZATION SECTION : Sa\ oy Place 
W.c. 2, “* The Installation of Metal-Sheath, ¢ ‘ables 
Supports,” W. Holttum, al — 
Centre : Electrical Engineerin; en 
Senda “ Safety in the Use Of Portable 
Electrical E uipment in Industry,’’ J. W. 

Mee, April 18th. —INFORMAL ee: ' 

Discussion on ‘* Domestic Circui's and 
Bociata,“ eoaeety H. W. Swann, 5.30 p.m..——_N E rl 
Royal Station Hotel, Newcastle upon Tyne, Annual Gene 
Meeting and Conversazione, 6.15 p.m. 

Tues., April 19th.—MEASUREMENTS  SECTIO: Savo 
London, W.C.2, Discussion on “ The Measurement of Ip, 
Voltages and Currents, with a Reference to the a 
of Surge Diverters,’’ opened by R pat. “30 m,—§} , 

ridge, 


SCOTLAND SuB-CENTRE : Carlton Hotel, 
Desien n Mi a 
N. Haldane and P, |. 


bu: “ Problems of Hydro-Electric 
Hydro-Electric Systems,”’ T. G 
stone, 7 p.m. 

INSTITUTION OF ENGINEERS AND SHI‘ BUILDERS jy 

SCOTLAND 

Tues., April 19th.—39, Elmbank Crescent, Glasgow, 
General Meeting, “ ‘The Measurement of S ip Screws 
Silverleaf and H. C. Garlick, 7.30 p.m 

INSTITUTION OF ENGINEERS-IN. CHARGE 


Wed., April 13th.—St. Bride Institute, Bride Lane, Lon 
E.C.4, ‘Modern Plywood Technique,” G. E. R. Jam, 


—_ 


30 p.m 
INSTITUTION OF LOCOMOTIVE ENGINEERS 
Wed., April 20th.—Institution of Mechanical Engineers, 1, Bir 
—- alk, Westminster, London, S.W.1 * Operation ani 
1) I Maintenance of Locomotives on the Nigerian hat 
= H. Jaekel, 5.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 

Fri., April 15th.—GENERAL MEETING, INDUSTRIAL ADMINt 
TION AND ENGINEERING PRODUCTION GRouP: 1, Birdcagl 
Walk, Westminster, London, S.W.1, “ Surface E, 
by Reflection Electron Microscopy ry. S. Halliday, Hepes 

Tues., April 19th.—S. WaALes NCH: Mackworth Hotel 
Swansea, “‘ The yg ® and Construction of the Uskmouti 
Power Station,’’ T. H. Wood, 6 p. 

Wed., April 20th.—E. MIDLANDS ‘BRAN NCH: The Univerity 
Nottingham, “ Fatigue of Metals,’’ J. A. Pope, 7.30 p.m— 
SOUTHERN Brancu: College of Technology, Portsmouth 

“Some Factors in the Selection of Machinery for Cargo 
Liners,’ L. Baker, 7 p.m. 


INSTITUTION OF POST OFFICE ELECTRICAL 
ENGINEERS 
". April 20th.—INFORMAL MEETING : Fourth Floor, Wateriy 
Bridge House, London, S.E.1, “ Acceptance Testing of Auto 
Exchange Equipment,’’ L.G. Tite, 5 p.m. 


INSTITUTION OF PRODUCTION ENGINEERS 


Thurs., April 14th.—READING SECTION : High Duty Alloys, Lit. 
Lecture tre, —" “ High Cost of Low Overheads.” 


C. H. Starr 

Fri., April “sth —W, "WALES SECTION : Central Library, Ale- 

= Road, Swansea, “* Costing and Finance for Production, 
E. C. Sayers, 7.30 p.m. 

Sat., April 16th.—PETERBOROUGH SECTION : Campbell Hote, 

Bridge Street, Peterborough, Film, “‘ Precise Measurement fr 
ngineers,”” introduced by S. P. Poole, 7.30 p.m. 

Mon., April 18th.—Dersy SECTION : Trongates Hotel, Trongat, 
Derby, “ Birth of a Process : Production of Synthetic Alcohol," 
H. E. B. Young, 7 p.m.——1954 GeorGe Bray MeEwoni 
Lecture: Reynolds Hall, College of Technology, Sackvik 
Street, Manchester, “ Engineering and Production Aspe 
of Synthetic Fibre Manufacture,’’ Robert Douglas, 6.45 p.m 


INSTITUTION OF THE RUBBER INDUSTRY 
Thurs., April 14th.—Preston SECTION : Bull and Royal Hote 
Church Street, Preston, Annual General Meeting and Filr 


Evening, 7.15 p.m. 

Mon., April 18ch. —MERSEYSIDE SECTION: Bradford Hot, 
Liverpool, Annual General Meeting, 6. 30 p.m.——S. Was 
AND MONMOUTHSHIRE SECTION: College of Technolog 
Cardiff, Annual General Meeting and Film I Evening, 7.30 p.n 


JUNIOR INSTITUTION OF ENGINEERS 
Fri., April 15th.—ORDINARY MEETING : Pepys House, |4 
ochester Row, London, S.W.1, “ The Design of Materah 
Used in, and the Manufacture of, Pick Steels f for Pneumatic 
Picks,’’ C. Hutchinson, 7 p.m. 

Mon., April 18th.—SHEFFIELD AND District SECTION : Lives: 
Clegg House, Sheffield, “* He + -anaeec of an Engineeriy 
Company,”’ F. Sargeant, 7.3! 

LIVERPOOL salable SOCIETY 

Wed., April 20th.—24, Dale Street, Liverpool, Annual Genen 
Meeting, 6 p.m. 

LIVERPOOL METALLURGICAL SOCIETY 


Thurs., ¥0~ 14th.—Liverpool Engineering Society, 24, Da: 
Street, cy ay ‘Materials Resistant to Creep at High Te» 
peratures,’ A. W. Franklin, Annual General Meeting, 7 p.0. 


NEWCOMEN SOCIETY 


"* April 13th.—Science Museum, South Kensington, Londo, 
.7, “ Windmills in Kent,”’ Rex Wailes, Peter Davies ani 
psa Russell, 5.30 p.m. 
NORTH-EAST COAST INSTITUTION OF ENGINEERS AN) 
SHIPBUILDERS 
Fri., April 15th.—Mining Institute, Newcastle u 
New Gear-Cutt is Establishment at 
McLaughlin, 6.15 p.m. 
ROYAL AERONAUTICAL SOCIETY 


Thurs., April 14th—Gtascow BRraNncH: Royal Technic 

College, Glasgow, “‘ Mixed Power in Modern Aircraft,” M. 
Sroneen, 7.30 p.m.——GRADUATES’ AND STUDENTS’ SECTION 
4, Hamilton Place, London, W.1, ‘ Radio Aids for Navigatiot 
and Blind Landing,”’ F. Ormonroyd, 7.30 p.m. 


ROYAL INSTITUTION OF CHARTERED SURVEYOR 


Sat., April 16th.—The University, Sheffield, “‘ Subtense Measut 
ments,”’ G, Hurst, 10.30 a.m. 


WOMEN’S ENGINEERING SOCIETY 


n Tyne, “ The 
ydebank,” © 


Wed. April 20th.—Hope House, Great Smith Street, London, 


S.W.1, “The Development of Bridges in the United States 
| send L. Kemp, 7 p.m. 





APRIL 


